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PROFESSOR WILLIAM WHITEHEAD Watts, Sc.D., F.R.S., F.G.S. 
President 1908-10, 1930-32. 


Frontispiece 


Proceedings ‘of the 
GEOLOGISTS’ ASSOCIATION 


PROFESSOR WILLIAM WHITEHEAD WATTS, 
Sc.D., F.R.S., F.G.S. 
1860— 1947 


By G. S. SWEETING. 


BY the death of Professor Watts, Geology has lost a great 
exponent and the Geologists’ Association a staunch and 
loyal friend. 

Born at Broseley in Shropshire on 7th June, 1860, Watts 
received his early education at Shifnall and at Denstone School, 
where he was taught physics and chemistry by the Rev. D. Edwardes, 
who encouraged him to try for a scholarship at Cambridge. He 
was successful and entered Sidney Sussex College in 1878. Among 
his most respected teachers there were Mr. J. F. Walker, Professor 
T. McKenny Hughes and the Rev. Professor T. G. Bonney. 

Having obtained a first class in Geology in 1881, Watts was 
appointed Cambridge University Extension Lecturer and, taking 
charge of more than 30 centres, continued in that office until 1891. 
He was a Fellow of Sidney Sussex College from 1888 to 1894. 
From 1891 until 1897 he served first on the Irish and then on the 
English Geological Survey as petrographer under the directorship 
of Sir A. Geikie. 

Towards the end of 1897 Watts was appointed Assistant Pro- 
fessor of Geology at Birmingham to lighten the labours of Professor 
Lapworth, and there he taught geography and geology. During 
this association an intimate friendship sprang up between the two 
men. Watts’s admiration for Lapworth in after years was never 
dimmed ; he took every opportunity of commending him to staff 
and students alike, and referred to him as “ not only one of the 
greatest geologists of his time, but one of the keenest minds of his 
generation.” . 

In 1898, quite soon after he had moved to Birmingham, Watts 
gathered together the material of his University Extension Lectures 
and reproduced from them in his very popular and famous little book 
Geology for Beginners, which not only brought him numerous 
friends but has been responsible for winning converts to the science 
from many walks of life. 

In 1906 (at the age of 46) Watts was appointed Professor of 
Geology at the Royal College of Science, soon to become the 
Imperial College of Science and Technology. “ Now,” as he has 
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remarked, “ began the second period of my geological life.” The 
Geology Department of the College at that time was accommodated 
in the Western Galleries of the old Science Museum, and it was 
here that under cramped conditions, with untiring energy and 
enthusiasm, he initiated his well-planned courses of teaching and 
research. His power of lucid and vivid exposition was outstanding 
and often he emphasised that his main job at the College was to 
teach ; consequently he had but little spare time for research. 

Leaving (in 1912) the confined quarters of the Museum Galleries 
for more spacious laboratories in the new College buildings, Watts’s 
organising abilities found their scope and opportunity. With a 
senior staff consisting of C. G. Cullis, J. W. Evans, A. Morley 
Davies and R. F. Gwinnell, he began at once to equip and build up 
the large and modern Department. Quick to realise the importance 
of the economic applications of geology, particularly its usefulness 
overseas, Watts launched in 1913 the sub-department of Oil Tech- 
nology, and a little later that of Mining Geology. They have 
developed rapidly, and the wisdom and foresight of their founder 
are proved by the standing of these two important and successful 
departments, whose numerous past students now occupy prominent 
and leading posts in all parts of the world. There are also among 
his old students several who hold Chairs in other Universities, and 
two who have succeeded to his Chair at the Imperial College. Watts 
retired in July, 1930, and in 1945 he was elected an Honorary Fellow 
of the Imperial College. In 1932 the ““ Watts Medal” was founded 
to be “ awarded annually to the best student in his Final Year in 
Geology.” In that same year also his successor (Professor P. G. H. 
Boswell) was responsible for installing in the Department the well- 
appointed ‘‘ Watts Library of Geology.” 

Having dealt with his academic life, let us turn our attention 
to that important aspect of this notice—the man. Watts was a 
man of great personality and charm, the possessor of great tact, 
thorough and untiring, definite in purpose, and at all times very 
difficult to stir from a decision once he had made up his mind. 
Although firm in manner, he was not a martinet ; his firmness was 
always tempered by kindness and reason. He had a characteristic 
and infectious smile which had the effect of quickly putting one— 
however young or inexperienced—at ease throughout any meeting 
or interview. 

A characteristic story of his alertness and persistence relates 
to a certain large estate in the Midlands, from which geologists 
had repeatedly been warned-off. The estate had east and west 
entrances, and early one morning (about the year 1900), Watts 
determined to make his observations. Entering unnoticed by the 
west gate and taking a secluded footpath, he made direct for the 
opposite exit. Having almost reached the centre of the estate he 
espied, coming along a path at right angles to him, a keeper. 
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Instantly turning round and facing the way he had come, he waited 
for the keeper, who informed him angrily that he was trespassing 
and must leave the grounds at once. Thereupon Watts expressed 
‘regret and remarked, “I suppose, then, I must go back?” Turn- 
ing round again with a cheery “ Good day” he continued his walk 
‘to the east gate and thus made a complete cross-traverse of the 
area. 

Watts was a great admirer of Kipling and all his works. 

He was rarely seen without his pipe, and was greatly attached 
to his car: he was very proud of the fact that in his 80th year he 
had driven alone from Shropshire to London to attend the annual 
meeting of the Geological Society. 

Throughout his life Watts was keenly interested in the well- 
being of scientific societies, to whose welfare he gave unstinted help 
and active support. Among the many public offices he filled were 
the Presidential Chair of the British Association (Norwich 1935), 
the Geological Society, the Mineralogical Society and our own 
Association (twice). 

Professor Watts was one of our oldest members ; he joined in 
1886 and was elected an Honorary Member in 1925. During his 
long membership he rendered very valuable services, piloting us 
while in office safely through both smooth and troubled waters. 
His first term as president, when he gave as his addresses two im- 
portant and historical accounts of our Association—*“ Jubilee of the 
Geologists’ Association’ and “ Fifty Years’ Work of the Geolo- 
gists’ Association ’’—was 1908-10. His second term as president 
was from 1930-32. 

Of Watts’s many and varied contributions to our Proceedings, 
his field meeting pamphlets and reports are perhaps the most 
interesting. He was always very interested in field meetings, and 
often remarked that they formed the most valuable part of the 
work of the Association, and had contributed very largely to its 
continued growth and success. He led many such meetings, e.g. 
to Nottingham and Leicester (1896), Shropshire (1894 and 1925), 
Lichfield and Cannock (1899) and Charnwood Forest (1902 and 
1936). 

ae will long be remembered for his enthusiasm and work 
in Charnwood Forest. He was passionately fond of this area and 
never failed to proclaim its “‘ outstanding interest to the geologist.” 
In this connection it is appropriate to recall that his last “ official” 
duty in the field was in September, 1936, when, at the age of 76, 
he led a party of the Association round Charnwood. All those 
who were fortunate enough to be present on that occasion will 
remember the eagerness and obvious delight with which he demon- 
strated, once again, the “ latent pre-Trias landscape of Charnwood 
Forest.” Through the closing hours of his life Charnwood was 
occupying his attention. During the past three years he had been 
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engaged in completing his memoir on the Geology of the Ancient 
Rocks of Charnwood Forest. He saw the work to second proofs 
but, alas, he was not spared to see its publication. Charnwood, 
indeed, was his “ swan song,” and the posthumous book will be 
a monument to his memory. 

Professor Watts’s last public appearance was in 1945 at the 
Geological Society when, at the age of 85, he gave the first “‘ William 
Smith Lecture.” 

On 30th July, 1947, he passed away peacefully at Sutton— 
geological science to lose an eminent worker and the country a 
true gentleman. 
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FIELD MEETING AT LEWES, SUSSEX 
Saturday, 21st June, 1947 
Report by the Director: C. T. A. Gaster, F.G.S. 


"THE party assembled at Lewes railway station and proceeded to 
the eastern end of the town. On reaching the Southerham 
chalk quarries, the first to be visited was the Southerham grey pit 
[3*] adjoining the railway on the east side at Southerham Junction 
and south of the Fox Inn. This quarry exposes chalk of the zones of 
Schloenbachia varians and Holaster subglobosus. It has been much 
enlarged since the Survey record in 1926 [1, p. 46]. Some of the 
features mentioned therein were not to be seen, but a greater thick- 
ness of the varians zone was exposed at the southern end of the 
quarry. Fossils collected included the index fossils and some good 
specimens of Plicatula inflata (J. de C. Sow) from the varians zone. 
A large specimen of Acanthoceras sp. was taken away by one of 
the members. The Director agrees with Mr. Osborne White’s 
determination of the upper limit of the varians zone [1, p. 46], but 
this could not be clearly pointed out during the visit. 

A short journey to the riverside brought the party to the long 
quarry of the Lewes Cement Works [3]. Atthe south entrance Middle 
Chalk is exposed, but the strong northward dip brings in the lower 
three zones of the Upper Chalk at the northern half of the quarry. 
Of these the zones of Holaster planus and Micraster cortestudinarium 
are accessible for collecting. The talus provided a good oppor- 
tunity to examine the greater part of the zone of Micraster cortestu- 
dinarium. The fossils collected included Micraster praecursor, Rowe 
and the typical form of Echinocorys scutatus Leske from the upper 
part of the zone. 

After lunch the journey was continued across the golf course 
to Cliffe Hill, east of the Coombe. Good views of the surrounding 
country were seen en route. On reaching Malling Hill a descent 
was made to the Bridgwick quarry [2, p. 355 and 3]. This is a large 
quarry containing a good section of the zone of Holaster planus— 
the zone of Terebratulina lata being covered by talus. In addition 
to Holaster planus many Micrasters typical of the zone and other 
fossils were collected. 

On leaving this quarry the party returned to Lewes for tea at 
Holloway’s, opposite the County Hall. a 

A vote of thanks was accorded the Director on the proposition 
of Mr. E. C. Martin, O.B.E., B.Sc., F.G.S. 


* For list of References see p. 8. 
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The quarries at Southerham were visited by the kind permission 
of Eastwoods Lewes Cement, Ltd. 
The attendance at the meeting numbered 18. 
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“ SPHAEROCODIUM,” A MISINTERPRETED 
FOSSIL FROM THE WENLOCK LIMESTONE 


By ALAN WOOD, Ph.D., E.G. 
[Received 20th June, 1947.] 


SUMMARY 


"THE two species of Sphaerocodium recorded by Rothpletz from 

" _ the Wenlock Limestone of the Baltic are shown to be sym- 
biotic intergrowths of varied encrusting creatures. A new genus 
of calcareous algae, Rothpletzella, is proposed to include the more 
striking of the forms described by that author, and another new 
genus, considered to belong to the Foraminifera, is erected to 
include a second organism common in these composite nodules. 
This form, Wetheredeila, was described and figured by Wethered 
in 1893, but has been overlooked for many years. 


INTRODUCTION AND HISTORY OF RESEARCH 


As was only natural, early workers on fossil algae commonly 
used for the delimitation of genera and species criteria which later 
research has shown to be insufficient or even erroneous. For 
instance, one of the most immediately striking features of algal 
nodules in limestone is a concentric layered structure and a chalk- 
white weathering ; points of resemblance which have often caused 
features of diagnostic value to be overlooked. Again, algal asso- 
ciations of the present day are often composite structures, and 
neglect of this fact has led to error. The genus Mitcheldeania was 
founded because of an association of three types of algal thread 
in a single nodule. Finally, many of the early observers did not 
realise that they were dealing with algae at all—Girvanella and 
Spongiostroma were described as foraminifera, Mitcheldeania as a 
hydrozoan—so that again incorrect features were used for dis- 
tinction, and wholly wrong conceptions of the mode of growth and 
habitat unconsciously influenced the authors. 

As a consequence of these factors many papers on fossil algae 
must, for a time at least, be largely concerned with the rectification 
of nomenclature. 

The genus Sphaerocodium was established by Rothpletz in 1890 
in a brief paper which is not readily available. A free translation 
of the original description runs : ‘“‘ Rounded bodies of usually not 
more than 0.5 cm. diameter, built up of very thin concentric layers. 
Aggregated together they make up the principal constituent of thick 
limestone strata in the Raibl beds of the Eastern Alps. In the 
middle of each is a foreign body. When magnified, the apparently 
structureless limestone resolves into a web of thin dichotomously 
dividing branches of a single cell. They have a diameter of 
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0.01 mm. In certain concentric zones some of the ends grow into 
bladder-shaped cells up to 0.2 mm. broad and 1 mm. long. In 
places these carry club-shaped (kugelférmige) sporangia-like cells 
of 0.4 mm. diameter on their sides. The zonal structure of the 
alga is caused by the alternation of the fine web with the layers of 
bladder-shaped cells. Usually the interspaces of the web and the 
cell lumina are filled with uniform fine-grained calcite. The alga 
belongs to the Siphonales and is nearly related to Codium as well 
as to Udotea. It is differentiated by its method of growth and 
power of calcareous precipitation.” 

The type species, S. bornemanni, was again described by 
Rothpletz in 1891, when the first figures were given. Though the 
description is superficially somewhat fuller, no new points emerge, 
except that the spherical sporangia are considered as an important 
point of distinction from the living Codium. 

In 1908, Rothpletz described another species from the Silurian, 
this being one of the forms dealt with in the present paper. 
Sphaerocodium gotlandicum had a well-marked concentric struc- 
ture, with a ground mass of delicate cells. The bladder-like 
expansions of S. bornemanni were absent; in their place were 
zones of broader cells alternating with the fine ground mass. The 
narrow cells were often seen to widen into the large form at the 
boundary of the layers, while the broad ones never contracted into 
the smaller type. It was therefore concluded that the broader cells 
had a special function, which, like the expanded cells of the type 
species, was probably connected with reproduction. 

This description was amended by the same author in 1913, when 
it was stated that three types of thread could be observed in S. 
gotlandicum, a very delicate set 6—8 yu. wide being intercalated in 
the ground mass. A new species from the Wenlock Limestone, 
S. munthei, was also proposed ; it was differentiated from the fore- 
going by not possessing the third set of minute threads, by the 
threads of the ground mass branching at more closely spaced 
intervals than in S. gotlandicum, and by having much wider “end 
cells ’’ than the latter. 

These forms from the Wenlock Limestone had previously been 
observed by Wethered (1893) who found them forming pisolitic 
nodules at May Hill and at West Malvern. He had considered that 
they belonged to the genus Girvanella, ascribing the different-sized 
tubes to independent species of the organism. 

Sphaerocodium gotlandicum was recorded by Garwood and 
Goodyear (1918) from the Woolhope Limestone of Old Radnor, 
but nothing was added to the previous description of the species. 

A new interpretation was given by Pia (1927), who asserted 
that all species of Sphaerocodium were ‘‘ intergrowths of different 
species of Girvanella, Pycnostroma and apparently also other as yet 
undescribed genera,” an opinion reiterated in later papers. As 
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will be seen, this statement is completely justified by the results of 
the present work. 

Derville (1931) gave a résumé of what was known of Sphaero- 
codium, and created a new genus, Polymorphocodium, from the 
Lower Carboniferous, also characterised by being an aggregate of 
tubes of two different sizes. The genus was separated from Sphaero- 
codium by its erect habit of growth. 

In the present work much of Rothpletz’s original material from 
the Wenlockian of the Baltic region has been examined, together 
with the specimens figured and described by Wethered in 1893 and 
much new material. The author is grateful to the Director of the 
Swedish Geological Survey, and to Professor W. F. Whittard for 
their kindness in lending these historic slides. Dr. H. Derville 
also generously lent specimens of Nubecularia for comparison. A 
grant from the Royal Society in aid of an investigation of oolitic 
structures and algal growths has made it possible to have many 
thin sections made. 


DESCRIPTION OF SLIDES CONTAINING 
“* SPHAEROCODIUM ” 


Sphaerocodium gotlandicum Rothpletz. 

Slide 10744, Swedish Geological Survey. (Original of Pl. 7, 
Fig. 3, of Rothpletz, 1913.) A single typical composite nodule, 
15 mm. in diameter, is present in this slide. Most of the nodule 
is of extremely fine-grained structureless calcite, with small irregu- 
larly shaped patches of calcite of larger grain—a typical Spongios- 
troma or Pycnostroma structure. Growth took place eccentrically 
at first around a nucleus, now recrystallised ; later growth was 
concentric, around the whole surface of the nodule. Occasional 
thin layers of Sphaerocodium threads occur, parallel to the banding 
of the nodule. The whole is embedded in a fine-grained fragmental 
limestone. The larger fragments, 0.3—0.1 mm. in diameter, swim 
in a fine-grained matrix, whose sub-angular grains vary between 
.02 and .01 mm. in diameter. No sign of erosion of the surface of 
the algal nodule is visible. 

The figure given by Rothpletz is taken at too low a magnifica- 
tion to allow details to be seen. A new photograph is given on 
Pl. 2, Fig. A. The threads of Sphaerocodium are calcite-filled 
with an outer margin of fine-grained calcite grains, which appear 
dark in slide (“algal dust”’). The preservation is closely similar 
to that seen in Girvanella which has been interpreted (Wood, 1941) 
as “precipitated calcite caught in a mucilaginous coating of the 
algal thread,” and there is no reason to suggest another origin here. 
The tubes measure 33-40 » in diameter without the wall, whose 
thickness varies from 4-6 ». As will be apparent from the figure, 
some threads run for a relatively long distance in the plane of the 
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slide, others have a remarkable beaded appearance. In some 
portions the ‘“ beads ” lie side by side, separated by walls of algal 
dust, and are clearly the transected ends of threads lying parallel 
to each other, in other cases there are merely constrictions in the 
course of the tubes, not separated by definite walls. No true 
septation of the filaments occurs. The threads of Sphaerocodium 
outline and accentuate the concentric structure of the nodule, and 
in life they clearly lay parallel to its surface, enveloping it. A 
periodic growth must be assumed, with Sphaerocodium layers now 
overwhelming, now being overwhelmed by some other organism. 

Slide 11071, Swedish Geological Survey. (Pl. 2, Fig. B.) | 
The slide contains a large rugose coral coated with algal growths, 
and colonies of Sphaerocodium are in position of life in the calyx 
and among the septa near the edge. Algal growths billow out on 
three sides of the coral with inlets of fine-grained sediment between. 
All the algae show growth banding, markedly convex outwards ; 
the central portion, unhindered by sediment, grew most rapidly. 
An alternation of large algal threads and areas of Spongiostroma- 
like structureless calcite is seen, closely similar to that described in 
the last slide, but in addition smaller tubes are often visible in the 
dark Spongiostromid bands. They have all the characters of 
Girvanella, and evidently represent the cells of the ground mass 
described by Rothpletz. Irregular and sinuous in outline, more or 
less concentrically arranged, they are usually badly preserved, so 
that their walls tend to merge with the algal dust enveloping them. 
The large threads show all the characters of S. gotlandicum as 
already described ; in addition, some are cut tangentially, and 
show the character of the branching. This is a dichotomous 
division of low angle, with the bifurcations succeeding each other 
very rapidly, so that the alga was well adapted to form a continuous 
surface sheet in a very short time. Clearly the tubes which show 
beading in longitudinal section are sections across such a rapidly 
dividing series, each “ bead” being one branch. The figure is 
closely comparable with that given by Rothpletz (1908, Pl. 2, Fig. 2). 

In the slides so far described, attention has been concentrated 
on the larger cells described by Rothpletz, the ‘‘ end zellen” or 
supposed reproductive cells. The cells of the ground mass have 
been described as Girvanella-like. In view of the fact that Roth- 
pletz considered the small cells to be the vegetative portion of the 
organism, special attention has been paid to the boundary of the 
two layers. The grain size of the calcite is the same in the ground 
mass and in the wall of the larger threads. In consequence when 
one of the larger threads diverges from the plane of the section it 
appears to merge with the ground mass. In every case, when 
careful observation with high powers of the microscope was 
possible, the dark wall could be seen spreading and closing un- 
interruptedly over the cell-cavity as the thread diverged from the 
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plane of the section. In no case could a fine tube be seen giving 
rise to a larger one, though the juxtaposition of the two types and 
their irregular course required very exact observation before this 
assertion could be made. The observation made by Rothpletz that 
he had seen the fine threads expanding into the larger ones cannot 
be supported by examination of his material. A further anomaly, 
that he was able to observe this transition on the inner boundary 
of the large threads but not on their outer surface, which led him 
to the concept of “‘ end cells’ and to regard the large threads as 
blind-ended expansions, finds its explanation in the mode of growth 
of the threads. The larger threads form a felted mass, enveloping 
the nodules and closely pressed against their convex surfaces. In 
consequence the outer surface is convex, with the ends of the tubes 
directed inwards away from the later formed “ ground mass” 
which surrounds them. This arrangement is reversed on the inner 
surface of each layer, the ends of the tubes are in contact with the 
ground mass, so that the chances of mistaken observation are 
greater. 

There can be little doubt that the larger threads are generically 
distinct from the small ones, from which they differ in size, mode 
of aggregation and branching. 


Sphaerocodium munthei Rothpletz. 

Slide 11084, Swedish Geological Survey. (Original of Pl. 4, 
Fig. 3 of Rothpletz, 1913.) A section of an obliquely cut algal 
growth, with interstital sediment, tiny stromatoporoids, echinoid 
spines and areas of clear calcite (probably representing the locus 
of some wholly soft bodied creature). The greater portion of the 
algal remains consists of Sphaerocodium threads (of the general 
type just described), which may make up as much as 50 per cent 
of the area of the slide. 

_ Since Rothpletz’s figure was insufficiently clear to show all the 
details of structure, a new one is given (Pl. 4, Fig. A). It will be 
seen that these algal threads show the same general features as the 
larger threads of S. gotlandicum, they may run practically straight 
in the plane of the slide for a long distance, they may show a beaded 
appearance, and they are always arranged concentrically. They 
vary in size among themselves more than do those of S. gotlandicum, 
occasional tubes of rather wide diameter are intercalcated among 
smaller ones. The latter frequently present a somewhat confused 
appearance, and may be of only half the diameter of the larger 
threads. Septation of the filaments is not present. In general 
the threads are of markedly smaller diameter than in S. gotlandicum, 
the diameter of well-grown threads is 20-25 yw, the thickness of the 
wall 2-3 , and the whole appearance is smaller and more delicate. 
It may be that the confused appearance of the smaller threads, 
already mentioned, is due to the thinness of the cell walls whereby 
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partial collapse of the wall took place in burial by the surrounding 
layers. In consequence the whole appearance is more felted and 
irregular than in S. gotlandicum. 

Slide 20750, Swedish Geological Survey. (Original of Pl. 4, 
Fig. 6, Rothpletz, 1913.) A banded limestone with stromatoporoid 
layers alternating with layers of algae, chiefly badly preserved 
Sphaerocodium and Girvanella. At one point the section is tangen- 
tial and the Sphaerocodium can be seen branching repeatedly. 
This portion, figured by Rothpletz, is refigured on Pl. 4, Fig. B. 
A comparison of this figure with a similar section of S. gotlandicum 
(P1. 2, Fig. B), will show that there is no essential difference in type of 
branching. The diameter of the present form is that of S. munthei, 
and, as would be expected, the habit is more confused than in 
S. gotlandicum, the branches are more irregular and more closely 
packed together. Here it should be mentioned that if the magni- 
fications given by Rothpletz are correct, the specimen showing 
branching in S. gotlandicum figured in 1908, Pl. 2, Fig. 2, belongs 
to the present species. 

The threads so far described in S. munthei are those considered 
to make up the “ ground mass ”’ by Rothpletz. They correspond 
closely with the end cells of S. gotlandicum, and are sharply con- 
trasted with the cells of the ground mass in the latter species in 
which branching can be made out only with great difficulty, which 
have a sinuous irregular loosely wound course, and which are of 
much smaller diameter. In S. munthei Rothpletz had identified 
“end cells’ of large diameter (30-80-120 ) which will be shown 
to belong to quite another type. 

Slide 11084, Swedish Geological Survey. (Pl. 3, Fig. A.) This 
slide contains the typical figured specimen of S. munthei, already 
described. Closely associated with it and growing in the same 
direction, separated only by a channel of sediment, is the associa- 
tion figured. It is probable that the specimen was in direct con- 
tinuity with the type above or below the plane of section. Dispersed 
among cells of normal S. munthei type are elliptical ‘‘ end cells.” 
They have curving outlines, elongated parallel to the surface of 
attachment, with inner border concave, outer convex. Their 
arrangement is apparently at random, and their presence is not 
necessary to the alga, for in many instances these large cells are 
completely absent. No evidence can be seen of any transition 
between the smaller threads of S. munthei and the large cells, and 
no threads of intermediate size are seen. The wall of the large 
cells appears to be formed of delicate radially arranged fibres of 
calcite, not of algal dust, though a layer of algal dust outlines the 
whole. In two cases the semi-opaque calcite around indents the 
convex outer surface in a somewhat regular manner. The interior 
of the cell is filled with radially disposed larger crystals of calcite 
and the optical boundary between wall and infilling is sometimes 
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difficult to see. It is clear, however, that the thickness of the wall 
varies. At one point where well developed it measured 13 pe oene 
tube itself (wall included) having a diameter of between 100 and 
130». Fuller discussion of the form and affinities of the organism 
which made these cells will be given in a discussion of better pre- 
served British forms. 


** Girvanella”’ of Wethered, 1893. 

_ (a) Small tubes. Slide figured by Wethered (1893), Pl. 6, 
Figs. 4a, 4b, refigured on Pl. 5, Fig. A. A typical organic frag- 
mental limestone, with large fragments of crinoids and shell frag- 
ments, including a gastropod, of general grain size between 1 and 
2 mm., embedded in a matrix of finely granular calcite of grain size 
about 0.01 mm. The fragments in general do not touch, a few 
of them are coated with an algal crust, and detrital algal fragments 
also occur. The specimen figured is enveloping the partially re- 
crystallised remains of what may have been a dasycladaceous alga, 
though the Sphaerocodium tubes are separated from it by a layer 
of quite structureless algal dust. 

This specimen is identical in all respects with S. gotlandicum. 
The diameter of the threads varies from 30—40 pw, with a maximum 
near 30-33 p, the walls are about 5 w thick, some threads remain 
in the plane of the section for a relatively long distance, others 
branch in fan-like manner. The tubes are infilled with clear calcite 
without preferred orientation, the walls are composed of fine-grained 
algal dust, appearing dark in section. The fact that a complete 
section across a single nodular growth is here available for study 
enables further details to be discussed. Since the section of the 
dasycladacean alga in the centre is elliptical in outline the section 
is oblique, but the eccentric placing of the Sphaerocodium shows 
that this began to grow at one point on the central foreign body 
and spread outwards, never succeeding in enveloping the whole. 
No trace of orifices of the tubes is discernable around the periphery 
of the nodule; though some appear to end, it is not possible to be 
certain that they do not pass out of the plane of the section. In 
any case there was no outwardly turned, everted, aperture. The 
threads are roughly circular in cross-section, except when disturbed 
by pressure from the sides. It is particularly noticeable that the 
transversely cut threads (and by implication, all threads) appear to 
indent those below, as if the new threads were stronger than the 
older ones lying beneath them. These large tubes certainly do not 
arise from smaller ones, for there is no trace of tubular structure 
in the fine-grained substratum. From the mode of growth there 
is no doubt that this was an encrusting organism, rapidly branching, 
enveloping in nodule-like manner foreign bodies on the sea floor. 

This form thus may grow in a “pure culture” without the 
associated finer tubes, which Rothpletz described. It may even be 
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completely free from Spongiostromid aggregations. Since it ‘is 
impossible to imagine “‘ end cells ” of reproductive type without the 
corresponding substratum of vegetative cells, the two types must 
be held to becompletely independent. This observation is reinforced 
by the failure to find transitions between the two layers. 

Though this species is common in many slides from British 
exposures of Wenlock and Woolhope Limestones, it does not appear 
to be as abundant in Britain as in Gotland, where it is an important 
rock-builder. The larger tubes which were described with S. 
munthei by Rothpletz are, however, much more common in Britain 
than in Sweden, and many new details are available concerning 
their structure. 

(b) Large tubes. Specimen figured by Wethered, 1893. 
(Pl. 6, Fig. 2, refigured Pl. 5, Fig. B.) The rock is an organic 
limestone, containing rather coarse (1-2 mm.) fragments of crinoid, 
polyzoa, brachiopod and echinoid hard parts, the majority being 
coated with thin pellicles of algal precipitate. They are somewhat 
closely packed together in a finely crystalline matrix with grain 
size about 0.01 mm. The figured specimen forms an elliptical 
nodule with a partially recrystallised fragment of shell as nucleus. 

Almost a “ pure culture” of these large cells is seen here, only 
interstitial algal dust and two Girvanella threads are present in 
addition. The diameter of the tubes is somewhat variable, owing 
to their elliptical cross section and apparently to distortions while 
growing, but they average 100-110 yw, wall included. The thickness 
of the wall, when well developed, is 20-30 u. These dimensions are 
closely similar to those given for the “end cells” of S. munthei, 
and, the habit of growth being the same, the two organisms must 
be considered identical. A further point of identity is the structure 
of the wall, which in both consists of radially arranged fibres of 
calcite. Transverse cell walls are absent in both types. 

Since the calcite infilling these tubes to the centre is also radially 
crystalline, the portions here interpreted as walls might be inter- 
preted as secondary infilling also, and there is little doubt that 
Wethered actually did this. A thin film of algal dust outlines each 
tube, and is closely similar in appearance to the “‘ wall” of Gir- 
vanella or of the Sphaerocodium already described. Nevertheless, 
the formation of two generations of calcite infilling, the first of 
delicate needles, the second more coarsely crystalline, within such 
tenuous tubes, completely separated from each other and shut off 
from the surrounding medium, would appear to be difficult if not 
impossible. Such sections as that shown in the upper part of 
Pl. 3, Fig. B, where the wall is markedly thinner on its inner 
(adpressed) surface, are almost proof in themselves that the radial 
layer is an original wall. In some cases, where perhaps the walls 
are favourably preserved, perforations can be seen, radially directed, 
(Pl. 3, Fig. B.) The diameter of the perforations is 10 4, they are 
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circular in outline or perhaps very slightly elongated in the direction 
of elongation of the tube, and in transverse section of the tube they 
are seen to be often wider on the inner than on the outer surface. 
Though in some cases these perforations are not visible (for no 
apparent reason, the diameter of the tube, its general characters and 
thickness of wall remaining the same), they do furnish conclusive 
evidence that the radial wall was an original structure. The inden- 
tations already described in the wall of the Swedish specimens are 
probably of similar origin. 

The organism was of encrusting habit ; the tubes wrap around 
each other to form a tangled sphaeroidal mass. They were 
apparently soft while growing, for they are moulded on the layers 
below and indented by them. As was the case in S. gotlandicum, 
the whole assembly of tubes is convex outwards, no undoubted 
orifices are visible, neither is there any indication of the origin of 
the growth. In some cases (Pl. 5, Fig. B) there is evidence of 
irregular branching, of possibly dichotomous nature, the new 
branches being of the same diameter as the old ones, obviously 
equally flexuous in their growth, and adapted to the shape of the 
substratum. Owing to the contortion of the tubes, unequivocal 
evidence of branching is rarely seen. 

Since here the “‘end cells”’ of S. munthei grow independently 
of the “‘ vegetative cells,”’ the complete independence of these two 
parts must be assumed. 


DISCUSSION OF OBSERVATIONS 


From the foregoing it will be clear that the essential feature of 
Sphaerocodium, the possession of two sizes of filament being the 
vegetative and reproductive stages of the same organism, is seen 
in neither S. gotlandicum nor S. munthei. In the former the 
“‘ vegetative cells’ are a species of Girvanella, whose description 
must await a redescription of the group, the “‘ reproductive cells” 
belong to what must be considered another genus characterised by 
its facile branching. In S. munthei the “‘ vegetative cells ” have the 
same characters as the “‘ reproductive cells ” of S. gotlandicum, and 
certainly belong to the same genus, the larger so-called reproductive 
cells are quite distinct in their habit, their size and especially in the 
crystalline structure of their calcareous walls. Both this form and 
the previous type are as yet generically undescribed. 

The systematic position of these types remains to be decided. 

It appears that the large cells of S. gotlandicum may well be 
algae. Their walls are composed of “algal dust,” their threads 
branch dichotomously, and their diameter is below that which would 
accommodate any multicellular animal. Algae of Girvanella type 
are commonly found in association with them, sometimes building 
composite nodules, so that the conditions were such that algae 
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could flourish. The indentation of the lower layers by the bases 
of the tubes above (p. 15) may possibly be caused by the increased 
turgidity of these external assimilating layers as compared with the 
flaccidity of the shaded layers below. If this form is an alga the 
habit, and especially the absence of septation of the filaments, would 
seem to indicate that it belongs to the Myxophyceae (Cyanophyceae) 
or possibly to the group Siphonales of the Chlorophyceae. 

This form was considered by Rothpletz to represent the end 
cells of S. gotlandicum. The “ ground-mass” cells of S. munthei 
have the same characters and belong to the same group and possibly 
to the same species. 

The “‘ end cells ’’ of S. munthei, however, differ in almost every 
character. The outer threads do not indent the layers below, but 
are indented by them, the wall is not algal dust, but radially disposed 
calcite, and the size is just within the lower limit of size of multi- 
cellular creatures. The apparent lack of external orifices and 
especially the fact that the tubes turn in on the surface instead of 
being everted around the mouths of the occupants indicates, how- 
ever, that these forms assimilated over their whole surface. They 
could not therefore be coelenterates, worms or any higher animal. 
Among the unicellular creatures only the algae and the foraminifera 
show comparable features. The evidence is in favour of this form 
being a foraminifer, for in many foraminifera at the present day 
the wall is made up of radiating fibres of calcite arranged normal 
to the surface, with perforations between. This structure is not 
seen in any Palaeozoic calcareous alga, as far as the writer’s ex- 
perience goes, though Rothpletz (1891) refers to an orientation of 
the crystals in the wall in Melobesia, Lithophyllum and Lithotham- 
nion. A further piece of evidence in proof of this hypothesis is 
the soft nature of the living creature, as is shown by the way in 
which it was moulded on the substratum ; an exactly opposite 
arrangement to that seen in the preceding form. 

Encrusting foraminifera of similar appearance in section are 
known from Mesozoic and Tertiary strata, and have recently been 
recorded from Carboniferous rocks. The question of relationship 
is discussed later (p. 20). 


DESCRIPTION OF NEW FORMS 


Since it has been shown that these forms from the Silurian do 
not belong to Sphaerocodium but are an aggregate of wholly inde- 
pendent growths, new names must be given to them. 


Rothpletzella n. gen. 
E An encrusting organism, composed of threads of small (30-35 u 
in the typical species) diameter, closely enveloping a foreign body, 
or occasionally forming a tightly tangled coil apparently without 
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a central nucleus. The filaments have a wall a few p thick, com- 
posed of very small particles of calcite with haphazard arrangement. 
They are non-septate and arranged concentrically around the surface 
of the nodule. Branching is very noticeable, apparently following 
a dichotomous pattern, and rapid, so that the branches diverge in 
fan-like form while keeping in contact along their inner margins. 


_ This facile branching gives a beaded appearance to threads cut 


transversely. 

Distinguished from Girvanella by the branching and by the less 
sinuous course of the threads, from Garwoodia, Hedstromia, Cayeuxia 
and related forms by the concentric growth, from Wetheredella by 
the nature of the calcite walls and the mode of branching. 

- Genotype R. gotlandica (Rothpletz). 


Rothpletzella gotlandica (Rothpletz) 
Ph, 2. Figs 2A,‘ B. 

A Rothpletzella with the filaments measuring 30-35 (rarely 40) 
in diameter, branching readily in fan-like form. Walls 5-6 yu thick, 
fine-grained. 

Associated with Spongistroma, Girvanella and Wetheredella in 
composite nodules, or growing alone as a “ pure-culture.” 

Type specimen (here chosen). Original of Pl. 2, Fig. 4 of 
Rothpletz, 1908, the only form which could be identified from the 
author’s figures. Since there is a possibility that this specimen 
may no longer exist, I choose the original of Pl. 7, Fig. 3 (Rothpletz, 
1913) and, in particular, that portion refigured in the present paper 
(Pl. 2, Fig. A) to replace it if destroyed. 

Horizon: Wenlock and Woolhope Limestones, England and 
Baltic region. 

R. munthei (Rothpletz). 
Pl. 4, Figs. A, B 

Distinguished from the typical form by more slender threads, 
20-25 « in diameter, and thinner calcareous walls, 2-3 u in diameter. 
The filaments appear to vary in size more than in the typical form, 
and perhaps were more easily crushed. Branching closely similar 
to that of the type-form. 

It is surprising in view of Rothpletz’s fundamental misconcep- 
tion of the nature of these forms that these two should be so closely 
allied. The distribution list given by Rothpletz is practically 
identical for both forms, but “ S.”’ munthei was said to be markedly 
more rare. It seems probable that when Rothpletz found R. 
gotlandica in association with Girvanella he placed it in . Ss.” 
gotlandicum, and when in association with Wetheredella in “ S. 
munthei, so that this observation may only reflect the relative 
scarcity of Wetheredella in Gotland. Perhaps R. munthei as here 
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distinguished is only a depauperate form of R. gotlandica type, 
growing under unfavourable conditions. No specimens belonging 
to this form have been distinguished from England. 

Type specimen (here chosen), that figured by Rothpletz (1913), 
Pl. 4, Fig. 3, and especially the part refigured in the present paper 
(Pl. 4, Fig. A). 

Horizon : Wenlock Limestone, Gotland. 


Wetheredella n. g. 


An organism of encrusting habit, now composed of subcircular 
tubes of small diameter (0.1 mm. in the typical species), growing 
concentrically around a foreign body. Wall of the tube relatively 
thick, perforated by sparsely set rounded pores normal to the 
surface, composed of radially set fibres of calcite. Tubes branch- 
ing irregularly, often convex towards the outer surface of the 
composite mass, moulded below on the substratum. 

Genotype W. silurica nov. 


Wetheredella silurica n. sp. 
Pls. 3,0), ae, 1 

A Wetheredella with tubes about 0.1 mm., walls 0.030 mm. and 
pores about 0.01 mm. in diameter. Forms nodules either alone 
or in association with Spongiostroma, Girvanella or Rothpletzella. 
Branching irregular, tubes convex outwards coiled irregularly 
around the central body. 

Type specimen, that figured on Pl. 5, Fig. B, and in particular 
the portion figured on Fig. B of Pl. 3. 

Horizon: Wenlock and Woolhope Limestones, England and 
Baltic region. 

Remarks ; Reasons have been given above (p. 18) for con- 
sidering that this form is a foraminifer. There is a very close 
resemblance in habit of growth with the genus Nubecularia, which 
forms reefs in the Samartian of south-eastern Europe. Investi- 
gation of a specimen of WN. caespitosa Steinm. kindly lent by 
Dr. H. Derville shows this similarity, which is in itself strong 
evidence in support of the foraminiferal nature of Wetheredella. 
Nubecularia has recently been described from the Carbon- 
iferous (Johnson, 1947), so that the time gap is considerably 
narrowed. The wall of Nubecularia is, however, imperforate—in 
the specimens from the Samartian the characteristic brown colour 
of the imperforate foraminiferal test by transmitted light has not 
yet been lost—and branching is not known in the genus, so that 
the two forms are certainly not closely related. 

Wetheredella, as an unchambered, branched, perforate type, is 
quite unique among the foraminifera. Though branching is 
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common in some types (e.g. in the whole family of the Homo- 
tremidae), these are generally advanced chambered types, and no 
unchambered perforate form is known to show branching. It is 
therefore probable that the present genus, if a foraminifer, is a 
representative of a wholly new family, but the definition of such 
a family seems best left for the present till the Palaeozoic foraminifera 
are better known. 


THE PRESENT STATUS OF SPHAEROCODIUM 


These observations arouse doubts concerning the validity of 
Sphaerocodium itself. The name has been quite commonly used 
for various species from Silurian, Devonian, Carboniferous, 
Triassic and Jurassic rocks, all characterised by showing an inter- 
lacing of tubuli of two sizes, with concentric arrangement. The 
present work shows how easily erroneous observations may be 
made, and it is probably not accidental that the range of this genus 
is nearly identical with that of Girvanella. Each case must be 
judged on its merits. It must be said, however, that the type 
species, S. bornemanni from the Trias, of which the writer has been 
able to examine authentic material determined by Rothpletz him- 
self, shows an intermingling of several sorts of organisms. The 
ground mass is a species of Girvanella, and though it would be 
premature to make a decision now, the writer has little doubt that 
the essential character of Sphaerocodium, the presence of abundant 
reproductive bodies, is absent from the type species. 

The problem will be investigated further in a projected revision 
of Girvanella. 
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EXPLANATION OF PLATES 
PLATE 2 


Fic. A.—Rothpletzella gotlandica (Rothpletz). Transverse section, X117, showing 


Fic. 


Fic. 


Fic. 


Fic. 


Fic. 


Fic. 


Fic. 


longitudinally cut threads. Others, cut transversely, show a_beaded 
appearance. Portion of section figured by Rothpletz (1913) Plate 7, 
Fig. 3. Wenlock Limestone, Vikarfve, Viklau, Gotland. 
B.—R. gotlandica (Rothpletz). Tangential section, X110, showing typical 
branching of filaments. Wenlock Limestone, Hammaren, Ronehamm, 
Gotland. 

PLATE 3 


A.—Rothpletzella munthei (Rothpletz). Specimen in same slide as the type, 
showing the association of small and large “cells.”” The radial arrange- 
ment of calcite in the larger tubes and their indented walls can be clearly 
seen. X150. Wenlock Limestone, Laubackar, Ronehamm, Gotland. 
B.—Wetheredella silurica nov. Type specimen, X200, showing radial 
structure of wall and perforations. Enlarged photograph of upper middle 
portion of specimen figured in Plate 5, Fig. B. Wenlock Limestone, 
thin bedded portion, May Hill, Gloucestershire. ; 


PLATE 4 


A.—Rothpletzella munthei (Rothpletz). Type, X115, showing transversely 
cut threads with confused concentric arrangement. . Original specimen 
figured by Rothpletz (1903) Plate 4, Fig. 3. Wenlock Limestone, 
Laubackar, Ronehamm, Gotland. 

B.—R. munthei (Rothpletz). Tangential section, X112, showing arrange- 
ment and branching of filaments. Original specimen figured by Rothpletz 
(1913) Plate 4, Fig. 6. Wenlock Limestone, Hérsne Canal, Gotland. 


PLATE 5 


A.—Rothpletzella gotlandica (Rothpletz). Specimen to show encrusting 
habit, X70. The filaments are cut longitudinally and transversely on the 
left and centre, tangentially on the right of the section. Original figured 
by Wethered (1893) Plate VI, Figs. 4a, 4b. Wenlock Limestone. Thin 
bedded portion, May Hill, Gloucestershire. 


B.—Wetheredella silurica nov. Type, X49, showing encrusting habit of 
whole colony. Branching may be seen on the upper right-hand side. The 
portion showing perforations, enlarged on Plate 3, Fig. B, can be seen 
in the central part of the upper side. Original figured by Wethered (1893) 


Plate VI, Fig. 2. Wenlock Limestone. Thin bedded series, May Hill, 
Gloucestershire. 
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Rothpletzella munthei (Rothpletz). 
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Rothpletzella and Wetheredella. 
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OBSERVATIONS ON THE GEOLOGY OF EAST 
SUFFOLK 


(being the report of Field Meeting to Ipswich and District, 
18th July to 20th July, 1947) 


Report by the Directors: C.D. Ovey, B.Sc., F.G.S., F.R.Met.S., 
and W. S. Pitcher, B.Sc., F.G.S. 


Friday, 18th July, 1947 


"THE party assembled in the evening at the Crown and Anchor 
“ Hotel, Ipswich. After supper the directors gave a brief out- 
line of the geology, physical features and glaciation of the area to 
be covered. Our guest, Mr. G. Maynard, curator of the Ipswich 
Museum, gave the party a survey of the life and work of the late 
Mr. J. Reid Moir, F.R.S., whose enthusiasm and sincerity in his 
study of the problems concerning early man, coupled with a quiet 
modesty and friendly humour, won for ‘him the respect of all, both 
in his own neighbourhood and in the wider fields of archaeology, 
geology and anthropology. 

Members welcomed Professor R. L. Laffitte, of the University 
of Algiers, and Madame Laffitte. whom they were privileged to 
have among them on this occasion. 

The discussion which followed revolved mainly about the 
question of the deposition of the Crags. The concentration of 
iron in the Red Crag is considerable. It was suggested that it had 
been derived from the decomposition of glauconite, a mineral which 
is abundant in the Belgian deposits of the same age. This view is 
at least partly supported by the discovery of innumerable glauconite 
casts of foraminifera in the finer sievings of washed Red Crag 
material examined since the meeting. Further suggestions were 
made that at least in part the accumulation was derived from bogs 
and marshes, and brought into the crag embayments by sluggish 
rivers. That the iron is secondary is improbable, since the Coral- 
line Crag, an off-shore bank formation is, in the main, untainted 
by the deposition of iron oxides, except locally where Red Crag 
had overlain it and seepage with consequent staining had taken 
place. The age of the Red Crag was also discussed, and the points 
in favour of placing all but the Coralline Crag in the Pleistocene 
were mentioned. Professor Zeuner, it was pointed out, places the 
first glaciation, the Giinz, to coincide with the deposition of the 
Butleyan and Weybourne Crags with a pause or oscillation in 
climatic conditions during Norwich and Chillesford Crag times 
[10*, pp. 105, 106]. Some authorities consider that, with the 
increase of cold water mollusca from the Waltonian stage onwards 


* For list of the References see p. 32. 


quence. 
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pearance of Equus in the basal 
uffolk with the succession 


C. D. OVEY AND W. S. PITCHER 
The difficulties involved in correlating the Chalky Jurassic and 
seen in the Norfolk coastal section were also mentioned. 


the base of the Pleistocene should be drawn lower in the se 


This view is supported by the ap 
bone bed of the Newer Red Crag. 
the Upper Chalky Boulder Clays of S 
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Saturday, 19th July 


Members of the Association had the h 
for this day by Professor A. E. van Giffen 
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)Starting from Ipswich at 10 a.m., the party left by the Norwich 
/Road and passed through Whitton to Claydon, first visiting Messrs. 
*Mason & Co.’s quarry where a brief outline of the physical geology 
in relation to the position of the quarry was given. To the north- 
east lay the valley of the River Gipping (Fig. 1) with its buried channel 
jand on its flanks chalk spurs jutted between small consequent valleys. 
Into many of these valleys and hollows ice had pressed up against 
ithe chalk, leaving behind the first of the two boulder clays typical 
of the area—the Chalky Jurassic Boulder Clay. A magnificent 
)section of this is now visible in this quarry, yielding a great number 
sand variety of erratics, some of which, not found in situ, are listed 
/below :— 
Tertiary Crag coprolite. 
Cretaceous Chalk (mostly hard). 

Red Chalk of Hunstanton or Lincolnshire. 

Flints of various colours. 

Ventriculites sp. 
Gault ammonites. 
_ Jurassic Kimmeridge shale. 
Septaria (? Kimmeridge), one of which measured 

nearly five feet diam. 

Various shelly limestones. 
Gryphaea cf. dilatata (Oxford Clay). 
G. incurva (Lias). 
Ichthyodorulite (well preserved but incomplete). 


A large block of hard glauconitic sandy limestone was also 
found, measuring about two feet or more across and containing 
the impression of a large ammonite which, it is hoped, may be 
identified, since the Ipswich Corporation Museum have kindly 
consented to have a cast made of it. 

Triassic. 

_ A large number of Bunter pebbles and boulders. 


Metamorphic and igneous.* 

| Two pieces of micro-granites of different origin. 
im ? Syenite. 

__ Small pebbles of mica schist. 

A pebble of red felspathic sandstone containing a small 
fragment of grey granite. 

On the north side of the main exposure of boulder clay. is 
‘exposed the controversial ?Upper Boulder Clay, which in appear- 
ance is yellower and richer in chalk erratics than the blue-grey 
Chalky Jurassic Boulder Clay (Fig. 2, a). A definite junction 
was found by the party about eight to 10 feet below the top of the 


I A small piece of granite (? Shap) has recently been discovered by Mr. H. E. P. Spencer, 
and was sectioned and examined by Mr. D. F. W. Baden-Powell. 
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exposure and, in one place, this junction was cleared, and the 
base of the Upper Boulder Clay was found to consist of 
somewhat sandy gravelly bed a few inches thick. It would appear: 
then, from this slender evidence, that the Upper Chalky Bouldex 
Clay is here separable from the Chalky Jurassic, a point which hac 
been argued at the previous meeting of the Association to this 
district in 1938 [2]. Dr. G. Slater originally recognised the proba: 
bility of two boulder clays in the Gipping Valley during an earlie1 
excursion [6, p. 109]. A list of erratics collected in situ anc 
identified by Mr. D. F. W. Baden-Powell is given in an appendix 
at the end of this paper (p. 33). 

The junction of boulder clay against a vertical face of chalk [7, py 
169] is no longer exposed, but recent excavations have revealed some 
interesting details at the west end of the newly worked chalk face: 
Here is seen a great mass of Chalky Jurassic Boulder Clay resting 
against a steeply sloping chalk surface. Below the boulder clay or 
the lower northern side of the excavation and resting upon glacially 
disturbed chalk is seen a coarse cross-bedded gravel rich in flin 
pebbles, mainly of the oval and subspherical kind found in the basa 
beds both of the London Clay and of the Red Crag. This gravel 
often indurated with calcite into a hard conglomerate, indicates < 
subglacial stream rich in calcium carbonate. The effect of thi: 
induration by subglacial streams was strikingly shown on previou: 
occasions this year when Prof. Zeuner, Messrs. Baden-Poweli 
H. E. P. Spencer and Ovey visited the site. Then there wa: 
exposed a vertical wall about two feet thick of hard chalk induratec 
with calcite and probably also consolidated by ice pressure. Thi: 
chalk, according to a quarryman, had to be drilled and blastec 
owing to its extreme resistance. Mr. Spencer on another occasior 
had found in this rock “dog tooth” calcite crystals, also ar 
indication of percolation of carbonate-rich waters. This evidence 
supports the view expressed by Boswell in favour of subglacia 
or englacial water action [1, p. 54]. 

Numerous solution pipes were also visible in the chalk surfac« 
below the boulder clay, but in this particular part of the pit the 
pipes were filled with a yellow sand which sometimes showec 
evidence of bedding indicating channelling of the chalk. Ar 
interesting feature of these sand-filled pipes is that some are over. 
lain directly by boulder clay, which was not seen to fill any of them 
One small pipe filled with the same sand could be seen below thi 
gravel of the sub-boulder clay channel already mentioned, bu 
the colour and texture of the sand were in all cases different fron 
that of the sand in the subglacial channel. Furthermore, on thi 
top of the chalk above the southern side of the excavation, severa 
feet of the same type of sand, false-bedded and of a fairly uniforn 
texture, were exposed and appeared to be continuous with the san 
filling the pipes on that side of the quarry. Further investigatioi 
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‘is necessary to establish the age of this newly exposed sand and its 
‘relationship to the boulder clay. 

»_ After a brief interlude at an inn at Bramford, Coe’s Pit (now 
)/Fison’s) was visited (Fig. 1). The visit was somewhat disrupted bya 
“downpour of thunder rain. The section (Fig. 2, b) at this famous 
‘quarry [1, p. 16] is now disused and is very much overgrown. 
{The lower London Tertiaries now support several willow trees, 
some 15 to 20 feet high, while coltsfoot and other weeds are ram- 


‘pant upon the Thanet Beds which here consist largely of moisture- 
S clays. The two chalk zones (A. guadratus and B. mucro- 


nata) in the horseshoe-shaped base of this quarry are much stained 
as a result of water flowing over the face of this chalk and derived 
from springs from the top of the Thanet Beds, bringing down 
Thanet material with them. Screes formed by frost action have 
/obscured much of the actual chalk face, and in places extend over 
half-way up the chalk exposure. In spite of these handicaps perfect 
‘specimens of Echinocorys scutatus Leske and Offaster pillula Lam. 
were found. 

At the top of the chalk on the southern corner of the horse- 
shoe a reasonable exposure of the upper beds exists. The surface 
of the chalk is here seen covered with six inches to one foot of 
!“ Bull-head ”’ bed containing the typical green-coated flints and 
) phosphatic nodules. The succession described by Boswell is here 
: well exposed for a short distance, with the exception of the Thanet 
» Beds, which are overgrown. The Reading sands, freshwater equiva- 
‘lent of the Woolwich Beds farther south, exhibited typical cross- 
bedding, and showed contemporaneous erosion characteristic of 
ifluviatile deposition. Lenticles of clay, in some instances of 
immense size, were also visible. 
| Above the Reading Beds lay the basal pebble bed of the Red 
| Crag whence bones have been occasionally obtained. Coprolites 
/are common, and it was these which were originally worked by 
Messrs. Fison and Packard for the production of phosphate fer- 
| tilisers. Works were established close by, conveniently on the then 
Great Eastern Railway. Unfortunately for the geologist this source 
: is no longer used. In this basal bed a few “ rostro-carinate imple- 
! ments ’”’ were discovered by Reid Moir. 

‘ Above the Red Crag are glacial or glacifluvial gravels and sands 
in which human flakes have from time to time been discovered. 
The age of these gravels is doubtful, but there is now evidence that 
they underlie the Upper Chalky Boulder Clay which is just 
visible at the top of the north-eastern face of the quarry. The 
| gravels contain erratics of quartzites and pale-coloured amygda- 
loidal lavas which Dr. Solomon believed were derived from the 
Ardennes. : 
: Some 400 yards to the south-south-east at Bramford brickyard 
a small exposure was next seen. The succession here was similar 
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to that displayed in Coe’s pit from the B. mucronata chalk to tht 
Reading Beds (Fig. 2, c). At the top of the Reading Bed 
however, the London Clay follows in succession. About a foot o 
basal pebble bed occurs, with oval and almost spherical blac: 
pebbles, similar in character to the Oldhaven and Blackheath Pebbl) 
Beds of the London area, but probably not of exactly the sam: 
horizon. The London Clay above (about 10 feet thick) yielded ne 
fossils during the present excursion. The lithology appeared to be 
somewhat sandy, especially in the vicinity of the pebble bed. 

Overlying the London Clay is about 10ft. of ? Red Crag. Thi» 
deposit is unusually evenly bedded for Red Crag and, for thaz 
matter, for any other sand deposit in the area, and suggests at onc 
with alternating bands of coarse and fine sand, and occasional clay 
partings, a lagoonal type of deposition where wave and curren: 
disturbances had not interrupted continuous sedimentation. Th 
sand and gravel at the extreme top, about six feet thick, are typically 
cross-bedded and are probably the equivalent of the glacial sand: 
already seen in Coe’s Pit. 

The party left this pit and joined the Bramford-Ipswich Roac 
near Bramford railway station. On the outskirts of Ipswich the 
motor-coach was stopped within sight of the gravel works (below 
river level) close to the Orwell and near the junction of the Yar- 
mouth and Norwich L.N.E.R. branches. Mr. H. E. P. Spences 
pointed out that when shafts were sunk into the gravel here 
Levalloisian implements and Solutrean blades were found in the 
buried channel of the River Gipping, but the exact bed is unknowm 
owing to the shafts being below the water. The skull of the Woolly 
Rhinoceros was also found. These discoveries are preserved in the 
Ipswich Museum. 

Messrs. Bolton & Co.’s brickfield (now called Dales Road 
Brickfield) was next visited. At the north-west end of this famous: 
locality the Reading Beds were again seen—here showing great 
uniformity in texture with beautiful cross-bedding. Clay lenticles: 
Ne again visible near the top. London Clay was seen overlying: 
this. 

In the absence of Mr. G. Maynard, Curator of the Ipswich 
Museum, Mr. Spencer, who had watched the workings in this pit 
for many years and had also had the privilege of working here with 
Reid Moir, described to the party the tremendous undertaking in 
the excavation of the Roman vertical burial shafts. The project 
had finally to be abandoned [5], because the excavation always 
became filled with water in spite of pumping operations. Mr. 
Spencer spoke of the work which Mr. Reid Moir had done in 
connection with his discovery of Mousterian and Aurignacian 
hearths, of which there is now no trace. He also pointed out 
that this was the locality from which came some of the first pre- 
Crag rostrocarinate implements [4, p. 36]. The presence in situ of 
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an indurated block of Reading sands hardened by calcite was 
indicated to the party. Next the glacially contorted London Clay, 
in which selenite was common, and the overlying Red Crag were 
seen. Mr. Spencer pointed out that the two glacial channels des- 
cribed by Slater [7] were, in effect, one and the same channel, as 
now revealed by further quarrying round the northern flank of the 
London Clay “ block,” and much of the original section was over- 
grown or excavated between the channels. In spite of these dis- 
advantages effects of the thrusting and contortion by ice movement 
were still in evidence. Dark Chalky Jurassic Boulder Clay was 
once visible in this pit separated by gravels from the pale Upper 
Chalky Boulder Clay which now caps the section. Mr. D. F. W. 
Baden-Powell pointed out that a Porphyrite of apparent Cheviot 
type and a rhomb-porphyry (probably Norwegian) have been found 
associated with this Upper Boulder Clay. 

The party were then received by Mr. G. Maynard at the Ipswich 
Corporation Museum. He showed members many of the treasures, 
both of the vertebrate remains and of the flint implements largely 
collected by Mr. Reid Moir and Miss Nina Layard, and Mr. Spencer 
showed them the fine collection of Crag fossils. 

Tea was served in the Museum, and Dr. J. F. Kirkaldy expressed 
the thanks of the Association to Mr. Ovey and also to Mr. Maynard, 
the Curator of the Museum, and to Mr. Spencer for their kind 
hospitality and valuable assistance. 


Sunday, 20th July 


A motor coach conveyed the party direct to Orford by way of — 
Woodbridge and Melton. From the Keep of Orford Castle an 
almost unobstructed view was obtained of the long shingle spread 
which diverts the River Alde southward some 11 miles, from just 
south of Aldeburgh to its southern tip just north of Shingle Street. 

The River Alde used to flow directly into the North Sea south 
of Aldeburgh, but oblique wave action [9, pp. 52-63] producing 
alongshore drift from north to south, built up the shingle strand 
and diverted the river (now becoming the River Ore), thus causing 
it to flow parallel to the coast behind a narrow shingle spit. 

The speed of accumulation is strikingly shown by Steer’s 
historical record [9, pp. 385-389], where he suggests that the mouth 
of the river used to be nearly opposite Orford in the reign of King 
Henry VIII ; the evidence lies in a map published about A.D. 1530. 

A low ridge of Coralline Crag about 10 miles in length, extend- 
ing from just north of Aldeburgh to a point south of Boyton with 
small outcrops further south-west, represents the old coast-line on 
the west bank of the River Ore and on it Orford Castle is situated. 
The rock is a bank formation and is largely composed of com- 
minuted shell fragments, in places rich in polyzoa and abundant 
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| foraminifera. The type locality at Gedgrave Hall, from which the 
» Stage name Gedgravian was derived, is no longer well exposed, but 
4 the party was able to see a typical section in the stackyard quarry 
} at Richmond Farm a few hundred yards north-west of Gedgrave. 
{ Excellent and typical false-bedding is well in evidence here, and was 
1 photographed by several members. In Sudbourne Park a rifle 
| pit exposed an abundantly fossiliferous layer in the base of 
# the old Coralline Crag pit. A portion of this was dug out for 
# the party’s visit, and good specimens of Cyprina islandica (Linn.), 
i) Astarte omalii Laj., Cardita senilis Lam. and many other forms, 
§ including excellent polyzoa and foraminifera, were collected. ’ 


The party next visited the Chillesford Crag at its type locality 


} behind Chillesford Church. The Chillesford Crag is claimed to be 
) a deposit laid down by a distributary of the Rhine estuary system 
= {3, p. 447], and was traced by Harmer in a meandering course 
/ northwards across East Suffolk and Norfolk. An excavation in 
} the quarry revealed the laminated clays and shelly sand containing 
i mica flakes, presumably derived from the Ardennes. The fauna is 
i very fragile, but specimens of the estuarine, zone fossil Yoldia 
« oblongoides (S. Wood) were found. In another quarry between the 
! road and the church the beds were seen overlying the Red Crag. 


After respite for lunch at the Oyster Inn, Butley, the type locality 


| of the Butleyan stage of the Red Crag was visited at Neutral Farm. 
Although only a small section is now well exposed, many fossils were 


found, and the face showed well the cross-bedding so typical of 


| these shallow-water East Anglian Crags. At Hollesley, Crag of 


the same stage was again seen at Virtues Farm. Here, however, 
Glycimeris glycimeris (Linn.) and Mya spp. were found in abund- 
ance, which was not the case at Butley. It was here that a worn 
dorsal valve of Terebratula variabilis J. de C. Sowerby (=grandis 
of authors) was extracted by Mr. W. T. Hill, afterwards identified 
by Dr. H. M. Muir-Wocd. 

Members then visited Bawdsey cliff, which has undergone 
considerable erosion since before the war. According to a note 
received from Mr. H. E. P. Spencer on the locality, the top of the 
cliff has receded at least 100 yards in 10 years,’ and he points out 
that whereas the cliffs formerly gave directly on to a sandy fore- 
shore, there is now a substantial shingle beach running the whole 
length of the section. 

The base of the cliff is composed of London Clay, the top of 
which has been irregularly eroded and overlain by the Red Crag 
(Pl. 6, Fig. B). The basal Crag remanié bed containing the “ box- 
stones” occurs sporadically along the surface of the London 
Clay. The boxstone-nodules, or “ boxstones,” when broken are 


I Another instance of extensive coast erosion along the Suffolk coast is strikingly shown by 
H. E. P. Spencer, who has reproduced a map of Dunwich published about a.p. 1300 showing 
the town as it was then and the position of the cliff in 1935 [8, map facing p. 200). 
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usually found to contain remains of mollusca possibly of Miocene 
or Lower Pliocene age. The remanié bed was well exposed, and 
several good fossils were obtained from the nodules. Bones and 
phosphatic nodules were also found. 

The Red Crag is again typically false-bedded, but only shelly 
in places. Landslides are abundant, and in one place a recent fall 
had pushed the shingle forward so that the shingle banks were 
forced out of their normal alignment into a curve. 

An interesting record is here quoted from Mr. Spencer’s note : 

During the early 1930s the basement bed exposed was in places upwards 
of three feet thick and cemented into a hard rock with iron sesquioxide. 
Large masses of this bed, several cubic yards in size, occasionally lay on 
the beach until wave action during spring tides and storms had broken 
them up. There were shallow depressions, sometimes filled with water, 
which usually contained a concentration of Basement Bed material, box- 
stones, fossils and, rarely, flint implements. ; 

The whole aspect of the coast here is very much changed, and it is to 
be regretted that, owing to the war and to the mining of the shore, it has 
not been possible to keep the sections under observation and record the 
changes, particularly the formation of the shingle beach. 


It is suggested that the great amount of coastal erosion here 
and the accumulation of the shingle beach may have been due to 
the many long periods of winds with easterly components during 
the severe winters since 1938, when so often cold continental winds 
swept the country. 

Finally the party visited a quarry north-west of Ramsholt 
Church above the left bank of the River Deben (Pl. 6, Fig. A). 
The crag here is probably intermediate between the Butleyan and 
Newbournian. Many well-preserved fossils were collected. The 
party returned to the Ramsholt Arms for tea. 

Mr. B. N. Wale expressed the thanks of the Association to 
Mr. Pitcher and to the secretary, Mr. W. E. Smith. The return 
journey to Ipswich was made in time to catch the evening train to 
London. 

The Directors wish to express thanks to Sir Peter Greenwell 
and Sir Cuthbert Quilter for permission to visit exposures on their 
land, and to the owners of the various pits and quarries which 
afforded so much interest to the members and visitors attending 
the meeting. They are also indebted to Miss P. J. Wortley for 
drawing the map shown in Fig 1. 
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APPENDIX 
Note on erratics from the boulder clays in Mason’s Pit, Claydon 


By D. F. W. BADEN-POWELL, B.Sc., M.A., F.G.S. 


The following erratics have been collected in situ in the two 
boulder clays at Claydon in order to find out if there is an empirical 
difference between the two deposits. 


1. FROM THE PALE UPPER CHALKY BOULDER CLAY 


Coprolites, probably from the Red Crag. 

Flints, including blue-and-white patina. 

Hard chalk. 

Soft chalk (abundant). : 

Red Chalk, from Lincolnshire or Hunstanton. Quite 
common. 

Gryphaea dilatata, from Upper Oxford Clay. 

Dark-coloured Limestone. (?Jurassic or Carboniferous.) 

Basalt. 

Porphyrite, probably of Cheviot type. 


2. FROM THE DARKER CHALKY-JURASSIC BOULDER 
CLAY. 
Flints, various. (No blue-and-white seen.) 
Hard chalk (abundant). 
Phosphatic Sandstone. Probably Neocomian from Lincoln- 
shire. 
Red Chalk (very rare). 
Septaria (Jurassic). 
Slabs of Kimmeridge Shale. 
Oolite. Probably Lincolnshire Oolite. 
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Gryphaea cf. incurva. Lias. 

Sandstones and Quartzites. Some almost certainly from the 
Bunter. 

Blue limestone. (?Jurassic or Carboniferous.) 

Felspathic Grit. Probably Millstone Grit. 

Dolerites and basalts, resembling Derbyshire rocks. - 


There are certain well-marked differences between the two 
assemblages, which remain consistent in the two boulder clays in a 
number of other pits, especially the porphyrites in the upper and 
their rarity or absence in the lower. Further, the matrix of the 
upper is essentially chalky, whereas that of the lower consists of 
Jurassic clays. 
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THE ANNUAL REPORT OF THE COUNCIL OF 
THE GEOLOGISTS’ ASSOCIATION FOR THE 
YEAR 1947 


[Adopted at the General Meeting on March Sth, 1948, as the 
Annual Report of the Association.] 


"THE numerical strength of the Association on December 31st, 
1947, was as follows :— 


Honorary Members ... ee 19 


Ordinary Members :— 


Life Members Sees a ee 139 
Annual Subscribers ... 1326 


1484 


During the year 192 new members (a record number) were 
elected, and the Association lost 61 members, through death, 
resignation and removals under Rule XI for failure to pay sub- 
scriptions. The membership continues to rise, and shows an 
increase of 131 over that of the previous year. 


The list of deceased members is as follows :—H. C. Berdinner, 
Sir J. Berry, T. C. Bishop, A. C. Fentiman, Sir J. S. Flett, J. F. Green, 
W. H. Hamilton, C. W. Hobley, Professor H. P. Lewis, C. A. Matley, 
Professor W. W. Watts and-C. D. Wheeler. 


Obituary notices will be found on pages 53-57. 


FINANCE 


On the income side of the General Purposes Account the income 
from admission fees and annual subscriptions has established a new 
record at £712, as compared with £642 10s. in 1946, £601 in 1945, 
and £506 10s. in 1944. These figures bear witness to the rapid growth 
of the Association since the end of the war, and a still higher figure 
may be expected in 1948. On the expenditure side of the Account 
it should be noted that the cost of the Proceedings includes only 
three parts instead of the usual four. Since 1942, Part 4 of the 
current volume has always been issued too late to be included in the 
accounts for the year ; in 1947 both Part 3 and Part 4 were issued 
too late for inclusion. To meet the cost of these Parts, however, 
there are balances in the various Special Funds, apart from the 
Reserve Fund for Index and List of Members, amounting to 
£294 6s. 11d., available for the general purposes of the Association, 
in addition to accumulated funds of £140 7s. 5d., and since the 
closing of the accounts for the year a grant of £140 has been received 
from the Royal Society towards the cost of publishing certain papers 
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in Part 4. The financial position of the Association may therefore 
be regarded as satisfactory, although the heavy increases in almost 
all items of expenditure, particularly in the cost of publication, 
must still give rise to some anxiety for the future. 


Illustrations Fund 


Contributions to this Fund amounted to £64 Is., from 97 
members, in addition to an author’s contribution of £20 from 
Professor F. K. Hare towards the cost of illustrating a paper 
appearing in Part 4 of the current volume of the Proceedings. This 
is an appreciable improvement on last year, when £42 9s. 10d. was 
contributed by 86 members, but the proportion of members 
supporting the Fund is still less than 7 per cent of the membership. 
In view of the high cost of illustrations at the present time, increased 
support for this Fund is very much to be desired. 


PUBLICATIONS 


‘Publications Committee—The Committee consisted of the 
officers (seven), together with Mr. E. E. S. Brown, Mr. T. Eastwood, 
Dr. R. W. Pocock, Prof. H. H. Read, Dr. R. M. Shackleton, and 
Mr. G. S. Sweeting. The Committee met on four occasions and 
considered 18 papers. Recommendations regarding these were 
made to the Council. 


The Proceedings.—Containing 373 pages and 18 plates, the 
volume for the year is of practically pre-war size. It is regretted 
that circumstances rendered it impossible to issue all Parts within 
the year, but the publication of papers is not otherwise unduly 
delayed. 


MEETINGS 


Nine Ordinary meetings were held, at which three papers were 
read, three papers were read in abstract, and three lectures were 
given. One meeting was devoted to a Discussion on “ The Petro- 
logical Identification of Stone Axes.” A Special General Meeting 
was held for the purpose of amending Rule V. Particulars of 
these will be furnished later in the Session Report. 


The thanks of the Association are due to the Authors and 
Lecturers. The attendance at meetings was well maintained, 
with an average of 90 per meeting. 


The meetings were held at the apartments of the Geological 
Society of London, and the Committee Meetings at the Imperial 
College of Science and Technology (Royal School of Mines). 


The Association’s thanks are due to the respective authorities 
for the generous facilities afforded. 
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REUNION 


The Annual Reunion was held at the Geological Museum on 
) Friday, November 7th. Twenty interesting exhibits were shown, 
/ and the attendance was above the average. Thanks are due to 
} the Director of the Geological Survey and Museum, the organisers 
i} and the members concerned. 

A full account of this meeting will be given in the Proceedings. 


FIELD MEETINGS 


4 The Committee consisted of the officers (seven), together with 
} Miss J. Biggar, Messrs. E. E. S. Brown, T. Eastwood, G. A. Kellaway, 
) J. F. Kirkaldy, G. S. Sweeting, J. D. Weaver and Vernon Wilson. 
q Thirteen meetings were held: five half-day, three whole-day 
m and five long. The average attendance was 36. 

The best thanks of the Association are due to the Directors and 
i} others who organised and assisted in the meetings. 


THE LIBRARY 


a The Library Committee consisted of the Officers, together with 
@ Dr. S. Buchan and Mr. G. S. Sweeting. A special book-plate, 
6 designed by Mrs. A. J. Butler (to whom the Association’s thanks 
4 are due), has been prepared. Thanks are also due to the donors 
7 of a number of books and pamphlets, listed in the Proceedings. 


WEALD RESEARCH COMMITTEE 


j Four papers by members of the Committee were published in 
» the Proceedings. They are Committee Reports Nos. 35-38. Two 
1 of these arose out of the work of the late Frank Gossling. A 
® report of a field meeting at Reigate was also published. 

: One Field Meeting was held, a traverse of the Weald by coach 
4 in September, when the party had to be limited to the available 
# seating. 


NORTH-EAST LANCASHIRE GROUP 


Chairman : J. Ranson, A.M.I.E., F.G.S. 
Joint Secretaries : Mrs. Harrop, B.A., B.Sc., D. H. Learoyd, 
1 B.Sc., F.G.S. 

During the year four lectures were given and one Field Meeting 
was held. 

At the Annual General Meeting Mr. J. Ranson, A.M.LE., 
F.G.S., was re-elected Chairman, and Mrs. Harrop, B.A., B.Sc., 
and D. H. Learoyd, B.Sc., F.G.S., were elected as joint secretaries. 
The thanks of the Group to the retiring Secretary, Mr. A. Bray, 
| M.Sc., A.I.M.M., for past services, and also to the authorities of 
'the Blackburn Technical College for the use of the room, were 
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MIDLAND GROUP 


Chairman : Miss M. E. Tomlinson, B.A., D.Sc., Ph.D., F.G.S. 

Secretary : Miss Grace M. Bauer. 

Committee: Professor L. J. Wills, D. Parkinson, H. B. 
Whittington, A. Ludford, A. L. Lyon and J. C. Parrack. 

During the year five Lecture Meetings were held at the 
Geological Department, the University, Birmingham, and there were 
two Field Meetings. Particulars will be published in the Proceedings. 
The average attendance was 47. 

Thanks are due to Professor Wills for the use of the Geology 
Department at the University for meetings. 


TRUSTEES 


The Trustees of the Association are :-— 

Managing : Mr. F. N. Ashcroft, M.A., F.G.S., F.C.S., F.R.G.S., 
Mr. S. Hazzeldine Warren, F.G.S., and Dr. W. F. Fleet, M.Sc., 
A-R.IC., A.C.Ps F.GS. 

Custodian : The Royal Bank of Scotland, Western Branch. 


FOULERTON AWARD 


The Foulerton Award for the year was given to Dr. J. F. 
Kirkaldy, F.G.S., for services rendered to geology. 


HOUSE LIST 


Mr. C. E. N. Bromehead retires as President after two years’ 
zealous application to the affairs of the Association following 
seven years’ valuable service as Vice-President and Ordinary 
member of Council. Dr. Pocock, Mr. A. S. Kennard and Mr. 
E. E. S. Brown retire as Vice-Presidents, Mr. E. C. Martin as 
Treasurer, Professor Alan Wood as Editor, and Mr. Marston and 
Mr. Dack as Ordinary members of Council. Thanks are due to 
these members for services rendered to the Association, particularly 
to Mr. E. C. Martin, who has guided the financial affairs of the 
Association through 13 most difficult years. 


REPORT OF THE SESSION, 1947 


Ordinary Meeting, 3rd January, 1947.—Mr. C. E. N. Bromehead, 
B.A., F.G.S., President, in the chair. 

Roger Bexon, Peter Towsley Carr, John Gordon Dennis, Rose- 
mary Lavinia Ellis, Jack Edney Gillott, Helen Horne, Alan M. D. 
Leaker, Bernard Evans Manistre, M.A., Charles S. O’Connell, 
Prof. Thomas Crawford Phemister, D.Sc., Ph.D., David Samuel 
Prosser, M.Sc., F.G.S., Stella Ann Scutt, Geoffrey Francis Hatters- 
ley-Smith, Mrs. E. C. Sweeting, Geoffrey Tremain Creber, William 
Watson, M.A., and David Scott Watt were elected members of the 
Association. 
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Messrs. G. A. Kellaway and J. D. Weaver were elected auditors 

of the accounts for 1946. 
a The following paper was read: ‘‘ The Deglaciation of Scotland 
| and the Forming of Man’s Environment,” by A. D. Lacaille, F.S.A. 


Ordinary Meeting, 7th February, 1947.—Mr. C. E. N. Brome- 
head, B.A., F.G.S., President, in the chair. 


Albert Leslie Armstrong, M.C., M.Sc., F.S.L, F.S.A., William 
David Bell, B.Sc., Ronald Cheeseman, William Allan Duke, Anne 
Mary Hollingworth, Joseph Eric Houldin, Cedric Hull, Peter 
Burgess Mitchell, B.Sc., A.I.M.C.E., Pamela Lamplugh Robinson, 
Evan Rowland, Lawrence Timmis and Mrs. Hilda M. Timmis 
were elected members of the Association. 

The following paper was read: “ Application of Geophysics to 
Bees Problems,” by J. M. Bruckshaw, Ph.D., M.Sc., D.L.C., 

ernst.P, 


Annual General Meeting, 7th March, 1947.—Mr. C. E. N. 
Bromehead, B.A., F.G.S., President, in the chair. 


The Annual Report of the Council (already circulated) was 
taken as read. It was moved by Dr. K. C. Dunham, seconded by 
Miss C. M. Burbidge “ That the Report of the Council, including 
the Statement of Accounts, be adopted as the Annual Report of 
the Association for 1946." The resolution was carried nem. con. 

The President declared the following members duly elected as 
Officers and Members of the Council in accordance with Rule 
XIII :—President, C. E. N. Bromehead, B.A., F.G.S.;  Vice- 
Presidents, R. W. Pocock, D.Sc., F.G.S., T. Eastwood, A.R.C.S., 
F.G.S., A. S.. Kennard, A.L.S., F.G.S., G. S. Sweeting, D.LC., 
S., E. E. S. Brown, M.B.E., F.G.S. ; Treasurer, E. C. Martin, 
.B.E., B.Sc., A.R.I.C., F.G.S. ; Secretaries, General—R. Reeley, 
.G.S., Field Meetings—G. W. Himus, Ph.D., M.IChem.E., 
GS., 
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Publications Committee—A. J. Bull, Ph.D., M.Sc., F.G.S. ; 
ditor, Alan Wood, B.Sc., Ph.D., F.G.S.; Librarian, L. R. Cox, 
.A., Sc.D., F.G.S. ; twelve other Members of the Council, Miss 
. A. Arber, M.A., F.G.S., F.R.G.S., S. Buchan, B.Sc., Ph.D., 
.G.S., L. J. Chubb, Ph.D., M.Sc., F.G.S., W. Dack, I.S.O., F.G.S., 
. T. A. Gaster, F.G.S., G. A. Kellaway, B.Sc., F.G.S., A. T. 
Marston, L.D.S., F.G.S., F. W. H. Migeod, F.R.G.S., F.R.A.L., 
Miss Mabel Tomlinson, B.A., D.Sc., Ph.D., F.G.S., D. Williams, 
M.Sc., Ph.D., B.E., F.G.S., Vernon Wilson, B.Sc., Ph.D., D.LC., 
F.G.S., C. W. Wright, M.A., F.G.S. 

It was moved by Mr. A. M. Withers, seconded by Mr. F. Moor- 
man, and duly carried, “ That the best thanks of the Association 
be given to the Officers, the retiring members of Council, and the 
Auditors.” 
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The Foulerton Award was presented to Dr. J. F. Kirkaldy in 
recognition of services rendered to Geology. 
The President said :— 


Dr. Kirkaldy. The Council has selected you to be recipient of the Foulerton 
Award for 1947. The Award is for work of merit connected with the Association 
done during the recipient’s period of membership ; it is to be made as far as 
possible to encourage further, as well as to recognise past work. Your 
membership began in 1928, and you have already contributed papers and 
conducted field meetings, either alone or in collaboration with other members 
on as many as 16 occasions. For this work, and in anticipation of its 
continuance for many years to come, it is my privilege to hand you the Foulerton 
Award. 


The President then delivered his address entitled “ Practical 
Geology in Ancient Britain. Part I: The Metals.” 

It was moved by Mr. E. E. S. Brown, seconded by Mr. C. D. 
Ovey, and duly carried, “That the President’s Address be printed 
and circulated among the members.” 


Ordinary Meeting, 7th March, 1947.—Mr. C. E. N. Bromehead, 
B.A., F.G.S., President, in the chair. 

Dorothy Frances Bush, Irfon Evans, James Robert Foster- 
Smith, Gwendolen Joan Fuller, Prem Nath Ganju, Sidney William 
Gidley, Ronald Kay Gresswell, M.A., F.R.G.S., F.R.S.A., Ray- 
mond Frederick Hilton, B.Sc., Horace Reginald Hutchings, M. 
Fyaz Hassain Kahn, William Allen Lambert, M.B.E., F.R.S.A., 
Elisabeth Margret Stewart Macalister, James McKean, Richard 
Ernest Martin, Richard Oliver Morris, Richard Neaverson, M.Eng., 
A.M. Inst.C.E., C. J. Rees, B.Sc., and John Harry McDonald 
Whitaker were elected Members of the Association. 


Special General Meeting, 7th March, 1947.—Mr. C. E. N. 
Bromehead, B.A., F.G.S., President, in the chair. Convened by 
the Council in accordance with Rule XXII, for the purpose of 
amending Rule V. The amendment, which was passed unani- 
mously, consisted of the addition of the following words to Rule V : 
“If, however, a candidate is unable to obtain such sponsors, the 
certificate may, if the Council thinks fit, be signed by the President 
and the Secretary.” 


Ordinary Meeting, 11th April, 1947.—Mr. C. E. N. Bromehead, 
B.A., F.G.S., President, in the chair. 

Charles Cyril Ammonds, B.Sc., A.R.P.S., Elizabeth Marion 
Born, Robert Christian Bostrom, William Alexander Campbell, 
Richard Chapman, Roger Louis Cloet, George Patrick Robey 
Cobbett, Geoffrey Herbert Collins, Arthur Henry Cretch, M.Sc., 
F.G.S., Dudley Ernest Drew, Charles John Rivett Esdale, Margaret 
Myra Evans, Antonietta Ferrari, Norman James Guest, Maude 
Jarman, Audrey Norfolk, Leo Richard Raymond, John Blackett 
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+ Rivington, Mrinal Chandra Sen, Norman T. Smith, Godfrey Edward 
Thomas, B.Sc., Raymond Henry Tucker, John Frederick Watson, 


’ Nancy Barbara Williamson and Peter Malcolm Russell Willis were 


elected Members of the Association. 


The following paper was read : “ The Geology of the Evenlode 
Gorge, Oxfordshire,” by W. J. Arkell, M.A., D.Sc., F.R.S., F.G.S. 


Ordinary Meeting, 2nd May, 1947.—Dr. R. W. Pocock, F.G.S., 
Vice-President, in the chair. 

Stanley George Boakes, Mrs. Rosalind Bromehead, Astrid 
Rosemary Douglass, Margaret Hazell Evans, Amin Riad Ginoy, 
Neville Seymour Haile, B. Varadaraja Iyengar, Sosale Venkata 
Parthasarathy Iyengar, Isabel Elizabeth Lewis, B.A., Michael 
Raymond Walter Johnson, Ronald Charles Miller, Percival Claude 
Phillips, Alan James Philipson, Mysore Subbanna Sadashivaiah, 
Maxwell Frank Shepherd, Alan Hilder Smout, Freda Carruthers 
Trotter, Elizabeth Joan Turner, Roland Whipp and Mavis Joyce 
Whitehead were elected Members of the Association. 

The following lecture was delivered: “‘ A Little About Brazil,” 
by E. Ernest S. Brown, M.B.E., F.G:S. 


Ordinary Meeting, 6th June, 1947.—Mr. C. E. N.. Bromehead, 
B.A., F.G.S., President, in the chair. 


Dr. Eduardo Alastrue y Castillo, Suzanne Bosquain, Ronald 
George Simeon Hanreck, M.A., Noel Jack de Jersey, John Llewellyn 
Jones, M.B., Ch.B., D.P.H., Mary Laycock, James McLaren, Cecil 
Edward Redmill, Robert Dudley Sampson Shrimpton and Agnes 
Mary Wright were elected Members of the Association. 

A Discussion, by Members of the Sub-Committee of the South- 
Western Group of Museums and Art Galleries and others, took 
place on “ The Petrological Identification of Stone Axes.” 


Ordinary Meeting, 4th July, 1947.—Mr. C. E. N. Bromehead, 
B.A., F.G.S., President, in the chair. 

Reginald Alfred Barker, Ziad Rafiq Beydoun, Francis Jessop 
Bingley, B.A. (Cantab.), Elizabeth Ritchie Brock, Michael Anthony 
Calver, Walter Frederick Castle, Ronald James Dowle, Saaldeldene 
Elnakkady, M.Sc., F.G.S., Oswald Cornell Farquhar, David Alfred 
Gray, Doreen Freda Hickling, Mohammed Hafeezuddin Khan, 
James Matthew Miller, Stephen William Morel, Dennis Morgan, 
Charles Geoffrey Nicholson, Allan Eric Pickles, Michael Priaulx 
Robinson, Harold Evelyn Peere Spencer, Robert Julian Fawcett 
Taylor, John William Tyler, William Thomas Vernon and Kenneth 
Edward Wilderspin were elected Members of the Association. 

The following lecture was delivered: ‘‘ Geological Safari in 
East Africa,” by K. P. Oakley, Ph.D., B.Sc., F.G.S. 
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The following paper was read in abstract : ** Some Gravels and 
Gravel Pits in Hampshire and Dorset,” by J. F. N. Green, B.A., 
F.GS. 


Ordinary Meeting, 7th November, 1947.—Mr. C. E. N. Brome- 
head, B.A., F.G.S., President, in the chair. 

Derek Victor Ager, John Roger Andrew, George Francis 
Bamford, John Hubert Bray, Arthur Court, Frederick Gordon 
Girdler, Louis Guillaume, Rita Doreen Humphreys, Hugh James 
Kinghorn, Monica Joan Marshall, H. G. Owen, Isaac Stephen 
and Huon Seward Walton were elected Members of the Association. 

The Reunion was then held in the Geological Museum. For 
list of exhibits, see below. 


Ordinary Meeting, 5th December, 1947.—Mr. C. E. N. Brome- 
head, B.A., F.G.S., President, in the chair. 

Albert Frederick Archer, Mrs. Margaret Grace Barnett, Major 
Hugh Percy Barnett, M.C., Gordon David Bates, Mrs. Margaret 
Dorothy Bates, Alan Wakefield Beasley, M.Sc., Boe Maurice 
Cherry, Gerald Norman Mullins Clark, Cecil Herbert Colborn, 
Peter Collenette, Stella Madeline Davies, Percy Dougall, Barbara 
Mary Esther Dudley, Harold Vincent Dunnington, Frederick George 
Humphrey Elphick, Donald Wilfred Fryer, M.Sc., Mrs. Eileen 
Goring, Ronald Gowing, Kenneth George Green, James Pierre 
Hepper, F.R.Met.S., Norman Horsley, Alwin Jack Knights, William 
Springthorpe Lacey, B.Sc., F.L.S., William Layton, Professor 
Duncan Leitch, D.Sc., F.G.S., Bryan Matthews, Mrs. Christian 
Needham, David Thomas O’Connor, B.Sc., M.R.I.P.H., Thomas 
Richard Owen, Arthur John Perry, Charles Edward Pettit, Professor 
Leo Picard, Ezra Edmund Plummer, Julian V. H. Renwick, Richard 
Owen Roberts, Olive Robins, B.Sc., Joan Tierney Rose, John 
Baverstock Saunders, Gerald William Alfred Sparrow, William 
Arthur Spence, Anthony John Standring, Stanley Strawbridge, 
Fredrick Vergauwen, Ewart Albert Vincent, B.Sc., A.R.I.C., F.G.S., 
John Walsh, Eric Harold Timothy Whitten and Doris Edith Wilson, 
B.A., were elected Members of the Association. 

The following lecture was delivered : “‘ Fossilization,” by Prof. 
D. M. S. Watson, M.Sc., F.R.S., F.G.S. 

The following papers were taken as read: (a) ‘‘ The Develop- 
ment of a British Aptian Brachiopod,” by G. F. Elliott, F.G.S. ; 
(b) “ The Age and Origin of the Thrutch Gorge,” by V. Dean and 
F. Hodson. 


LIST OF EXHIBITS 
The Association’s Albums of Photographs. 
Exhibited by Miss Mary S. Johnston. 
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_ British Museum (Natural History) Department of Geology. 

i (1) Mammalian remains from Swanscombe. 

(2) Hyracoid skull from Rusinga Island, Kenya. 

(3) Lava implements from Ol Orgesailie, Kenya. 

(4) PS etal rare fishes from the Upper Eocene of Monte 

olca. 

(5) Vertebrate faunal succession in the Downtonian and 
Dittonian. 

(6) Fishes from the Plateau Beds of the Brecon Beacons. 

(7) Artificial weathering. 


4! Geological Survey and Museum. 

' A large dressed block of Alga-bearing Woolhope Limestone 
from Dolyhir Quarry, Radnorshire. Presented by Pro- 
fessor E. J. Garwood, F.R.S. : 


Geologists’ Association, Weald Research Committee. 
Specimens from the Weald Clay at Capel, Surrey. 


‘ Chelsea Polytechnic, Geology Department. 
Specimens collected during Field Work, 1946-47. 


! Falkland Islands Dependencies Survey. 
Rocks and fossils from Graham Land, collected by J. R. F. 
Joyce and W. N. Croft. r 


* Bottley, E. P. 

‘ (1) Exceptionally fine Italian mineral crystals. 
(2) Albite-Oligoclase—a new gemstone. 

(3) Terminated kyanite crystals. 

(4) Fine kunzite and other mineral crystals. 


Brown, E. Ernest S. 
Some specimens from Brazil. 


1 Casey, R. 
| Erratic pebbles from the Gault and Lower Greensand. 


| Curry, D., and Wrigley, A. 

Fossil Mollusca of the Blackheath Beds at Abbey Wood (Kent) 
and of the Sparnacian sands of Sinceny (Aisne) to demon- 
strate the identity of the two faunas. 


Davis, A. G. 
(1) Hertfordshire Conglomerate. 
(2) Works and Portrait of John Walcott. 


Dollar, A. T., and Bostrom, R. 
Rocks and photographs of Jan Mayen, Greenland Sea. 
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R. F. Goossens. 

(1) Specimens from a boring at the Waterworks, Worksop. 
Notts. 

(2) Specimens and photographs of stained sandstone from the 
Middle Permian Marl Division, Worksop, Notts. 

(3) Specimens from a boring at Radford, Notts. 

(4) Cannel with iridescent joint faces in the Low Fenton Seam. 
from ‘‘ The Sportsman ” open-cast coal site, north-east o! 
Sheffield. 

Hollingworth, S. E., and others. 
Specimens collected on the Swiss Excursion. 


Joysey, K. A., and Turner, Miss E. Joan. 
Demonstration of a week-end Field Excursion to the Isle of 
Wight. 
Owen, H. G. 
Miscellaneous specimens. 


Turner, J. G., and Venables, E. M. 
English Eocene Vertebrates. 


Wells, A. K., Robins, Miss O., and Searle, D. L. 
Photographs, specimens and sections illustrating the geology} 
of Jersey. 


Wright, C. W., and Wright, E. V. 
Recent discoveries in the British Cretaceous. 
Photographs taken on the Swiss Excursion by various Members 


FIELD MEETINGS, 1947 


Conditions were still difficult ; accommodation and transpor 
were difficult to arrange, and costs were high and rising. Never 
theless, the year is noteworthy for the fact that for the first tim 
since 1937 a Field Meeting outside Great Britain was held when 
thanks to the efforts of our Swiss colleagues, a most enjoyabl 
fortnight was spent in a tour of Switzerland. 


The following meetings took place :— 

Saturday, 22nd March. Dr. W. F. P. McLintock and Mr. A. J 
Butler gave a demonstration to between 50 and 60 Members of th 
collection of gemstones and the wartime work of British geologists 


Thursday, 3rd, to Tuesday, 8th April (Easter). The Bristo 
District, directed by Dr. S. Stanley Smith, assisted by Dr. F. S 
Wallis and Messrs. T. R. Fry and D. T. Donovan. Mr. I. S 
Loupekine acted as Secretary. The party numbered 30. 


Saturday, 10th May. Professor H. L. Hawkins directed a part 
of 60 on a tour of the Southern Chilterns. 
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Saturday, 17th May. Mr. C. W. Wright led a party of 12 to 
Coney Hill Sandpit, Borrow Green, near Oxted, where a study was 
made of an unusual development of the base of the Gault. 


Friday, 23rd, to Monday, 26th May (Whitsun) A party of 23, 
under the direction of Mr. T. Barnard, spent a profitable week-end 
s on Isle of Wight, based on Sandown. The Secretary was Mr. W. 

ack. 


Sunday, 8th June. A traverse was made in the neighbourhood 
of Godalming, under the direction of Mr. C. W. Wright. The 
party numbered 28. Mr. E. Evans acted as Secretary. 


Saturday, 21st June. A party of 18, directed by Mr. C. T. 
Gaster, spent the day in the Lewes district in an examination of the 
Chalk. 


Friday, 18th, to Sunday, 20th July. Messrs. C. D. Ovey and 
W. S. Pitcher conducted a party of 25 round the Ipswich area. The 
Secretary was Mr. W. S. Smith. 


Friday, 5th, to Sunday, 21st September. Forty-seven members 
and friends spent a most enjoyable fortnight in Switzerland, starting 
from Bern and making a traverse of over 1,000 kilometres to Zurich. 
The Directors were Professors C. Burri, J. Cadisch, H. Giinzler- 
Seiffert, H. Huttenlocher, P. Niggli and R. Staub, Drs. F. Rossli, 
R. Rutsch and E. Wenk. The Secretaries were (in England) 
Mr. M. K. Wells and (in Switzerland) Mr. H. Schaetti. In the 
background was Mr. E. Montag, without whose help it would not 
have been possible to organise the meeting. 


Saturday, 13th, to Saturday, 20th September. Mr. P. C. 
Sylvester Bradley led a party of 35 by road and motor-boat in an 
examination of the district round Weymouth. Miss P. S. Walder 


acted as Secretary. 

Saturday, 27th September. Drs. A. J. Bull and J. F. Kirkaldy 
(Weald Research Committee) demonstrated the salient features of 
the structure, topography and geomorphology of the Weald in a 
traverse from London to Balcombe. Thirty-five Members took 
part in the meeting. 

Saturday, 4th October. Mr. S. Hazzledine Warren conducted 
a party of 36 in a visit to the new sections in the pits of the St. 
Albans Sand and Gravel Co. at Nazeing. Dr. K. P. Oakley acted 
as Secretary. 

Saturday, 22nd November. A party numbering about 55, under 
the direction of Drs. G. M. Lees, P. E. Kent and Mr. A. G. Davis, 
visited the experimental boring of the D’Arcy Exploration Company 


at Willesden. 
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NORTH-EAST LANCASHIRE GROUP 


The following Meetings and Field Meetings were held :— 


17th January. Lecture, “Some Methods of Mining,” by 
Mr. Hughes. 


14th March. Lecture (Presidential Address), ‘“ Arctic-Alpine 
Flora of Great Britain. —I,” by Mr. J. Ranson, A.M.I.M.E., F.G.S. 


5th July. Field Meeting : Longridge Fell. Leader, Mr. J. 
Ranson, A.M.I.M.E., F.G.S. 


24th October. Annual General Meeting. ‘ Arctic-Alpine Flora 
of Great Britain —II—Snowdonia,” by Mr. J. Ranson, A.M.I.M.E., 
F.G.S. 


21st November. Lecture, “ Some Carboniferous Crinoidea,” by 
Mr. Westhead. 


12th December. Lecture, ““ Maps, Models and Memoirs,” by 
Mr. W. Ashworth, F.R.G.S., F.G.S. 


MIDLAND GROUP 


The following Meetings and Field Meetings were held during 
1947 :— 


25th January. Lecture, “‘ Geology and Health,” by C. E. N. 
Bromehead, B.A., F.G.S. 


Ist March. Lecture, “‘ Among the Tertiaries of Assam and 
Arakan,” by H. M. Sale, M.A., F.G.S. 


4th May. Field Meeting: Forest of Dean and May Hill, 
Gloucestershire. Leader, H. B. Whittington, Ph.D., F.G.S. 


12th July. Field Meeting: Bridgnorth. Leader, A. Ludford, 
M.Sc., F.G.S. 


25th October. Lecture, ““ The Permian of North-East England,” 
by G. H. Mitchell, D.Sc., Ph.D., F.G.S. 


22nd November. Lecture, ‘“‘ The Distribution of the Chemical 
Elements in the Earth as a Whole, in Minerals and Rocks,” by 
Professor Bassett. 


13th December. Exhibition of coloured photographs of geo- 
logical interest, by Professor L. J. Wills, M.A., Sc.D., F.G.S., and 
H. B. Whittington, Ph.D., F.G.S. 


ANNUAL REPORT OF THE COUNCIL 51 


DONATIONS TO THE LIBRARY DURING 1947 


(The donors are the authors of the works presented, except where 
otherwise stated) 


ANDERSEN, R. VAN VLECK. ‘“‘ Evidence for Eocene Age of Saline 
Formation beneath Salt Range Thrust ” (1946). 


BELGIUM. ACADEMIE ROYALE DES SCIENCES, DES LETTRES, ET DES 
Beaux-Arts. “ Annuaire de l’Académie Royale des Sciences ” 
(1885-92, 1894-1903). “‘ Bulletins de la Classe des Sciences ” 
do. (1889, 1900, 1902-7, 1910-13, 1919-21, 1923, 1926, 1928— 
29, 1938-39). 


Bicot, A. “ Jacques-Amand Eudes-Deslongchamps ” (1794-1867). 
Also one other pamphlet. 


BRITISH GUIANA, GEOLOGICAL SuRvEY. Bracewell, S. ‘‘ The 
Geology and Mineral Resources of British Guiana ” (1946). 


Day, R. A. “The Use of Rock ‘ Norms’ in Geophysical In- 
vestigations’ (1946). Also five other pamphlets. 


Donovan, D. T. “ The Rhaetic and Lower Lias Rocks of Ingle- 
stone Common ” (1947). 


Evans, P., and W. Crompton. ‘“ Geological Factors in Gravity 
Interpretation illustrated by Evidence from India and Burma ” 
(1946). 


FAIRBRIDGE, R. W. ‘“‘ Coarse Sediments on the Edge of the Conti- 
nental Shelf” (1947). Also one other pamphlet. 


GEOLOGICAL SURVEY OF GREAT BRITAIN. ‘‘ Geology of the Country 
around Witney.” Explanation of Sheet 236 (1946) ; “‘ Geology 
of the Lizard and Meneage” (1946); “ British Regional 
Geology. Northern England,” 2nd edit. (1946). 


Hewitt, H. Dixon. “The Geology of Sydney and the Blue 
Mountains,” by J. M. Curran (2nd edit., 1899) ; “* Geological 
and Historical Observations on the Eastern Vallies of Norfolk,” 
by J. W. Robberds (1826). Also two other volumes. 


Moorg, E. W.. J. ‘The Carboniferous Goniatite Genera 
Girtyoceras and Eumorphoceras” (1946). Also three other 
pamphlets. 


NATIONAL MuseUM OF WALES. “ The Slates of Wales,” by J. F. 
North (1946). 

PLATTEN, G. “‘ The British Caver,” vol. xvi (1947). 

PORTUGAL, SERVICO DE FOMENTO MINEIRO. “Estudo dos fosseis 


vegetais provenientes dos testementios das sondagens geolo- 
gicas realizadas em Sao Pedro da Cova,” by C. Teixeira (1946). 
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QUEBEC, UNIVERSITE LAvAL. “ Early Upper Cambrian Trilobites 
from Western Gaspé,” by F. Rasetti (1946). Also nine other 
pamphlets. 


RANKINE, A. O., and P. Evans. ‘‘ Geophysical Prospecting for Oil 
in India ” (1947). 
ReyNnops, S. H. “‘ The Aust Section” (1947). 


Straus, R. Two large-scale geological maps of the Bernina 
Group. 


TREACHER, Mrs. Li. “ Notes on the Geology of the Isle of 
Wight,” by L. L. B. Ibbetson (1849). 


UKRANIAN SOCIETY FOR CULTURAL RELATIONS. “ Tectoorogeny,” 
by V. G. Bondarchuk (1946). 


WEALD RESEARCH COMMITTEE. Published work of the Committee, 
1932-45, two bound vols. 


ZURICH, GEOLOGISCHE GESELLSCHAFT. “‘ Geologische Exkursionen 
in der Umgebung von Zirich ” (1946) ; Suter, H., “‘ Geologie 
von Ziirich ’’ (1939). 
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OBITUARY NOTICES, 1947 


__H. C. BERDINNER joined the Association in 1920 after graduating 
with Honours in Geology at King’s College. He led Field Meetings 
at Langdon (1922) and to Brentwood (1925), Frindsbury and 
Upnor (1925), as well as serving as a member of the Weald Re- 
search Committee. His principal interest was in the Eocene rocks 
and especially their mechanical constitution. He worked for many 
years very patiently on the technique of elutriation. In this he 
was hampered by much ill-health, but he brought nearly 20 years’ 
work to a successful conclusion in an unpublished MS. which was 
accepted by the University of London. The greater part of his 
working life was spent in L.C.C. schools. He was a most con- 
scientious and successful teacher, adding to his scientific knowledge 
the qualities of a finished draughtsman and an accomplished pianist. 
He will be remembered as a quiet, modest and dependable friend 
and co-worker by many teaching colleagues as well as by members 
of his old college and of the Geologists’ Association. 


[S.W.W.] 


ALLAN COWELL FENTIMAN, died Ist August, 1947, was elected 
a member of the Association in 1938, and was a generous con- 
tributor to the Illustrations Fund. 


Sir JOHN SMITH FLETT, K.B.E., F.R.S., etc., died suddenly at 
his home in Essex on 26th January, 1947. By the time that he 
joined the Association in 1902 he had already achieved world-wide 
fame for his work on Scottish geology and, with Tempest Anderson, 
on volcanoes. General notices of his life and work have appeared, 
or will appear, in The Times, Nature, the Transactions of the Royal 
Society, etc. For us he led an excursion through the Pentland 
Hills in 1912, gave an account of the geology of the Lizard, followed 
by an excursion in 1913, and in the following year wrote the greater 
part of a pamphlet issued in advance for a “long” excursion to 
Edinburgh. A revised edition, with three chapters by Flett, was 
published in 1927. More recently, in 1938, though not officially 
one of the directors, he demonstrated his latest views on the Lizard 
to those members who attended the Easter excursion to Cornwall. 

It is not, however, for the work he did specifically for the 
Association that our members owe the greatest debt to Sir John. 
The present Geological Museum and Survey Offices, opened in 
1935 shortly before his retirement from the Directorship, are his 
great memorial. The scheme had been proposed as long ago as 
1912: having carefully made up his mind as to what was wanted, 
Flett overcame all kinds of difficulties and opposition to get it. 
He was “‘ one who always marched breast-forward ” (to quote one 
of his favourite poets), and nearly always got “his own way” ; 
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but the better one knew him the more one realised that “ his own 
way ” held no element of selfishness—the best and nothing less for 
geology and for the Geological Survey was his aim. He was a 
great man, a great geologist, a trusted leader and a true friend. 


[C.N.B]] 


CHARLES WILLIAM Hosey, C.M.G., A.M.INsT.C.E., F.G.S., 
died at Oxted, Surrey, on 31st March, 1947, at the age of 79. The 
son of William Hobley, of Chilvers Coton, Warwickshire, he was 
born in 1867, and received his geological training at Mason College, 
now Birmingham University, under Lapworth and Watts. In 
1890 he was appointed geologist to the British East Africa Company, 
for the investigation of the mineral resources of Kenya, and in 
1894 became Sub-Commissioner of the East Africa Protectorate. 
Later he held a number of important posts in the Colonial Service, 
becoming Senior Provincial Commissioner and occasionally acting 
as Governor. In the 1914-18 war he was Chief Political Officer 
to the Expeditionary Force to East Africa. During his long service 
Hobley made many adventurous journeys into the unexplored 
interior of East Africa, and spent much of his time surveying and 
collecting, sending home valuable suites of rocks and minerals from 
Uganda, and lepidoptera from the Elgon and Nandi districts. He 
wrote several books on the Bantu language and customs and an 
important work, Kenya: from Chartered Company to Crown 
Colony ; thirty years’ exploration and administration in East Africa, 
which was published in 1929. 


On his retirement in 1921, Hobley returned to this country. 
He joined the Geologists’ Association in 1922 and was a keen and 
active member at many of the Field Meetings, at which his flair 
for collecting was evident. In fact, he was never known to travel 
without his hammer and, as a result, accumulated a considerable 
private collection of minerals, rocks and fossils. The Association 
elected him an Honorary Member in 1944. 


In 1923 he was appointed secretary of the Society for the 
Preservation of the Fauna of the Empire, a cause in which he 
was keenly interested. He joined the Royal Geographical Society 
in 1922 and the Geological Society in 1926, and served on the 
Councils of both Societies. He also served on the Geological 
Survey Board from 1930 to 1934. 


Hobley’s personality was kindly and friendly, and he enjoyed 
the company of his fellow-men. Always he was a good companion, 
and to meet him was a real pleasure. He leaves a daughter and a 
son who inherits his father’s interest in geology and has also made 
it his career. 

[R.W.P.] 
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HERBERT PRICE Lewis, Professor of Geology in the University 
College of Wales, Aberystwyth, died suddenly on 22nd January, 
1947, in his 52nd year. He served in the war of 1914-18 and was 
severely wounded, losing an arm. Proceeding to Downing College, 
Cambridge, he took the course in Natural Science, with Geology 
as his chief subject. He was for a short time a master at Oundle 
School, and in 1921 went to the University of Sheffield as a lecturer 
in geology. As holder of the J. B. Tyrrel Fund in 1931 he spent 
some months in Canada studying the fossil faunas of the Devonian 
and Carboniferous rocks. In the same year he was appointed to 
the professorship at Aberystwyth. He was awarded the degree of 
Sc.D. in the University of Cambridge in 1940, and he served on 
the Council of the Geological Society during 1942-4. 


Works on various branches of geology are included among his 
published papers, but it was as a palaeontologist that he carried 
out his more extensive and detailed researches, specialising on 
fossil corals and the more difficult and obscure groups such as the 
calcareous Algae, various kinds of micro-fossils and the prob- 
lematical Bolopora undosa. He had for some years been mapping 
the geology of the Aran mountains in Merionethshire, but very 
little of this work has been published. Both in his research and 
in his teaching his careful attention to accuracy and detail was a 
marked characteristic. 

Professor Lewis joined the Geologists’ Association in 1919. He 
attended several of the longer Field Meetings at home and abroad, 
was Secretary for the meeting at Machynlleth in 1935 and a joint 
leader of that at Dolgelley in 1944. He was an untiring enthusiast 
in the field and, while setting a rapid pace over the ground, there 
was little that would escape his notice. In spite of his disability 
he was remarkably skilful in preparing material for the microscope 
and in all branches of laboratory technique. He was a somewhat 
severe critic, but was always most ready with expert guidance to 
others, whether colleague, student or occasional inquirer. By his 
untimely death we lose a geologist who was wholeheartedly devoted 
to the advancement of the science, and a man who upheld the 
highest standards of duty and conduct in all his many activities. 

[J.C] 


CHARLES ALFRED MATLEY, D.Sc., F.G.S., was born at Birming- 
ham on 4th February, 1866, and died at Leamington Spa on 
7th August, 1947. He had been a member of the Association 
for 35 years, and during most of his life he had found geology an 
engrossing hobby. Educated at King Edward’s School, he left to 
train for school teaching, but subsequently he entered the Civil 
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Service in the Savings Bank Department of the General Post Office, 
London. In 1890 he was appointed to the War Office Accounts 
Department in Birmingham. His leisure time he spent at evening 
classes, first at the Birmingham and Midland Institute and later 
under Charles Lapworth at Mason College. He graduated exter- 
nally at London University in 1894 with a First Class Honours 
B.Sc. in Geology. Remaining in the Civil Service, he taught in 
the evenings for a period at the Birmingham and Midland Institute, 
but meanwhile he began research on a plan that for the week-ends 
the subject should be local, for instance, the Arden Sandstone, the 
Bunter and Drift of the Midlands, and for the holidays a more 
distant project, of which the first was Northern Anglesey geology ; 
this last subject formed a successful thesis for the D.Sc. London 
degree in 1902. In that year he was transferred to the Army Audit 
Office in Dublin; here he started his research on the Lower 
Carboniferous deposits north of Dublin, which culminated in two 
papers written in collaboration with A. Vaughan. Matley moved 
in 1905 to Edinburgh ; studies in the Carboniferous of the Fife 
coast replaced his holiday researches in the Lleyn peninsula of 
North Wales. The latter were revived on his return to London 
in 1910 and in 1913 he described the geology of Bardsey Island 
before leaving for India as Auditor of the Indian Ordnance 
Factories. Subsequently, he was transferred to the Indian Civil 
Service until his retirement in 1920. 


In India he discovered and collected numerous dinosaur remains 
from Cretaceous deposits in Jubbulpore (United Provinces), and 
several papers were published including a memoir with Baron F. 
von Huene. 


A return to work in Lleyn was interrupted when from 1921-24 
he investigated the water resources of Jamaica as Government 
Geologist, and also studied the basement complex of the island ; 
then, when back in Britain, he continued to unravel the details of 
the Ordovician and Pre-Cambrian succession in Lleyn, and the 
thrust-relations between the Pre-Cambrian Mona Complex and the 
Ordovician strata. These studies were described in successive 
papers to the Geological Society, and in 1938 Matley was principal 
Director of a summer Field Meeting of our Association to western 
Lleyn. Two years previously he had communicated to the Asso- 
ciation his discovery of a 50 feet coastal terrace and other late glacial 
phenomena in Lleyn. In 1931 he joined Dr. T. Stacey Wilson in 
the work initiated by Lapworth, and the latter on the structure of 
the Harlech Dome, and their geological map was described in 1943 
and published in 1946 by the Geological Society. In 1944, Matley 
paid his last visit to Jamaica, and his geological map of the Kingston 
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District was issued by the Crown Agents for the Colonies a few 
months before his death ; his final report was left in partially 
completed manuscript. 


Matley’s contributions to geology were thus wide-ranging in 
character and important in many ways ; in retrospect one marvels 
that so much could be done by one earning a living in other spheres. 
His enthusiasm was boundless, and he never neglected to spur on 
his co-workers to do their best with the frequently difficult material 
which he laid before them. His collections he presented to the 
national museums, and in 1929 the Geological Society awarded him 
the Murchison Medal. He was married to Ann Loach in 1891, 
who pre-deceased him in the year following the silver jubilee of 
their marriage ; he leaves an only son and two grandchildren. 


[C.J.S] 
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MIDLAND GROUP FIELD MEETING AT THE 
FOREST OF DEAN AND MAY HILL, 
GLOUCESTERSHIRE 


2nd to 4th May, 1947 
Report by the Director: H. B. Whittington, Ph.D., F.G.S. 


Friday, 2nd May 


"THE members arrived at Littledean Guest House, Littledean, | 

Gloucestershire, during the evening. Duplicated maps and! 
sections were distributed, and a short introduction to the geology: 
of the area given by the Director. 


Saturday, 3rd May 


Leaving the Guest House at 9.30 a.m., the party proceeded by 
’bus to the cross-roads at the Railway Inn, 14 miles north of 
Cinderford. The quarries in the Pennant sandstones immediately 
to the east were visited. Proceeding on foot northwards along the 
road to Ruardean Hill, the feature made by the Pennant Group, 
the quarries in the sandstone, and the position of the Coleford 
High Delf seam were observed. The railway cutting at Drybrook 
[1*, p. 28 and Pl. [Va] was reached by the footpath leading down 
from the road. The basal conglomerate of the Trenchard Group, 
resting on the Drybrook Sandstone, was studied, and the Director 
described the evidence for the overstepping relationship of the Coal 
Measures to the older rocks in this area. The large quarry in the 
Lower Dolomite division of the Carboniferous Limestone, at the 
roadside a quarter of a mile north of Drybrook, was next 
visited. Dolomitisation and haematisation were observed, and 
characteristic fossils collected, including numerous specimens of 
Schellwienella cf. crenistria. In the west and north walls of the 
quarry a conspicuous band, about two to three feet thick, in which 
irregular masses of silicified oolite occur, was noted. Continuing 
northwards, the Tintern Sandstone Group in the deep cutting north 
of Euroclydon [1, p. 11] and the overlying Lower Limestone Shales 
at Silverton Farm [2, p. 38] were seen. 


Lunch was taken in the old quarry in the Drybrook Sandstone 
at Puddlebrook, and from this vantage point the features made by 
the rocks involved in the Wigpool syncline were pointed out. 
Considerable time was devoted to visiting the quarries in the various 
divisions of the Carboniferous Limestone west of Mitcheldean, 


* For list of References see p. 61. 
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fully described by Sibly and Reynolds [2 ; see also 1, pp. 11, 17]. 
The excursion was concluded by a visit to the Wilderness Quarry, 
east of Mitcheldean, in the Brownstones of the Lower Old Red 
Sandstone [1, p. 10]. No fossils were found. The party returned 
by *bus to Littledean. 


During the evening, coloured lantern slides illustrating the 
geology of the Forest of Dean and other areas were shown by 
Professor L. J. Wills. The thanks of the group for the opportunity 
of seeing these beautiful photographs were expressed by the Chair- 
man, Dr. M. E. Tomlinson. 


Sunday, 4th May 


The party left at 9.30 a.m. by ’bus for a point on the main road 
west of Huntley. Red Triassic sands and the well-known quarry 
in the Pre-Cambrian [3, pp. 122-124] were seen. Notes on the 
petrology of these rocks, contributed by Mr. E. D. Lacy, are 
appended to this report. 


The main road was then followed to Dursley Cross, the 
Llandovery grits and sandstones being poorly exposed. The 
Woolhope Limestone was seen in roadside exposures west of 
Dursley Cross, and characteristic fossils collected. The trench-like 
juarry south of Hobbs was reached by following the lane leading 
southwards from the main road. The quarry shows a series of 
‘eef-like masses of unbedded limestone, between and above which 
ire thin-bedded nodular and platy limestones. The limestones 
yetween the reefs end abruptly against the steep sides of the reef, 
while the beds directly above are strongly arched over the reef. 
[he reefs consist mainly of fine-grained muddy limestones with 
helly fossils. Characteristic Wenlock fossils were collected. 


Returning to the lane after lunch, the party continued south- 
vestwards to the quarry north of the lane and 200 yards north- 
vest of Rises. The limestones here are sandy, and both reddish 
ind green layers were observed. Large Atrypa reticularis are 
ibundant. The highest Silurian rocks were then seen in the old 
juarry east of Longhope Station. Flags with typical Upper 
wudlow fossils are overlain by the Ludlow Bone Bed, succeeded 
yy sandstones. 


The party moved northwards to rejoin the main road, and east 
f the railway bridge a cutting showing Upper Ludlow beds faulted 
gainst Downtonian sandstones and shales was examined. From 
hese Downtonian beds Professor L. J. Wills has obtained Euryp- 
erus pigmaeus and plant fragments. 


60 E. D. LACY 


After tea at the Guest House, Dr. Tomlinson proposed a vote: 
of thanks to the Director, and Professor Wills expressed the group’s: 
indebtedness to Miss G. M. Bauer for organising this enjoyabl 
and successful excursion. 


NOTES ON ROCKS FROM HUNTLEY QUARRY, MAY 
HILL, GLOUCESTERSHIRE 


By E. D. LACY 


From three specimens, thin sections have been cut in the: 
Department of Geology, University of Birmingham. 


No. 401. Coarse tuffaceous grit. 


The rock is a purple grit with a coarse band about 2 cms. wide. 
In thin section the grains are seen to range from 4 mm. downwards. 
A portion of the grains are of vein quartz and are rounded. The 
bulk of the grains, irrespective of size and composition, are sub- 
angular to angular. They include: 
Abundant quartz. 
Abundant fresh feldspar, mainly andesine, rarely orthoclase. 
Lavas, now largely altered to limonite. 
Felsites, including a flow-banded rhyolite and a quartz 
andesite. 
Lavas with oligoclase-andesine and andesine. 
A quartzite largely composed of composite grains of angular 
quartz. 


The groundmass consists of quartzo-feldspathic debris, limonite, 
chlorite. 


No. 402. Tuffaceous silt. 


An abundant matrix with much sericitic mica holds quartz, 
feldspathic, felsitic and chloritic grains up to 0.15 mm. in size, also 
similar sized epidotic aggregates. A lineation indicated by the 
sericite appears not to coincide with the bedding. 


No. 407. Slump bedded ash. 


The rock has finer bands whose particles do not exceed 0.02 mm. 
in size. These are set in an obscure matrix with much limonite. 
Coarser bands have particles up to 0.15 mm. which are mostly 
very highly angular. The mineralogy is similar to No. 401 above. 
Slump bedding with small-scale folds, contortions and some mixing 
of adjacent bands is evident. 
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As recognised by Murchison and discussed by Callaway [4, 
p. 518], the Huntley rocks much resemble rocks from the Long- 
mynd, Haughmond Hill and Old Radnor, both in mineralogy and 
texture. The rhyolite fragment found in No. 401 is a new record 
from the Huntley rocks. 


REFERENCES 


l. ep oelony of is Forest of Dean Coal and Iron-Ore Field. Mem. Geol. 
Uurv., 
2. The Carboniferous Limestone of the Mitcheldean Area, Gloucestershire. 
T. F. Sibly and S. H. Reynolds. Q.J.G.S., 1937, pp. 23-51. 

3. The Geology of the Gloucester District. C. J. Gardiner and others. 
P.G.A., 1934, pp. 109-144. 

On Longmyndian Inliers at Old Radnor and Huntley (Gloucestershire). 
C. Callaway. @Q.J.G.S., 1900, pp. 511-520. 
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MIDLAND GROUP FIELD MEETING AT 
BRIDGNORTH - 


Saturday, 12th July, 1947 
Report by the Director: A. Ludford, M.Sc., F.G.S. 


WENTY members and friends met outside Parlor’s Hall ati 
11.15 a.m., where the Director gave a short talk on the: 
geology of the area and the programme to be carried out. As 
study of the Lower Bunter Sandstone with its aeolian origin would be: 
be followed by a traverse of the fluvioglacial gravels south Bridgnorth. . 

The party then examined the Lower Bunter Sandstone in the: 
roadside cutting leading from Low Town to High Town, Bridg- 
north. The Director pointed out the factors which demonstrated 
the aeolian nature of the deposit ; dull red colour, fine even texture, 
rounded grains, lack of clay particles or pebbles and false bedding. 

Several cross sections of dunes occurred in the exposure, and 
both deposition and erosion planes were seen to advantage. The 
former have the higher dips varying from 20°-30°, while the latter 
have dips of 10°-15°. By a study of the directions of dip, wind 
roses have been constructed which show that the predominant wind 
was from the east. 

The party then proceeded southwards by car through the village 
of Eardington towards Eardington Station. Just before reaching 
this, the Director pointed out the succession of the three fluvio- 
glacial terraces of the neighbourhood ; the Main Terrace of the 
Severn at approximately 190 feet O.D. ; the Eardington Terrace at 
approximately 210 feet O.D.; and the remnants of a terrace at 
Knowlesands around 260 feet O.D. The nature of the deposits is 
evident from their remarkably flat surfaces. 

The main terrace was studied in a disused gravel pit about a 
quarter of a mile from the station. Although now largely over- 
grown, about 8-10 feet of sand and gravel could be seen resting on 
an eroded surface of Lower Bunter Sandstone. Piles of pebbles 
left around the quarry provided the party with a fair sample of the 
coarser material constituting the deposit. Large sub-angular stones 
of a foot or more in diameter could be seen with well-rounded 
pebbles of much smaller size. 

The Director showed how this terrace, while containing a 
predominance of Welsh erratics, contained also Scottish and Lake 
District igneous rocks. It was probably built up during a time 
when the overflow at Ironbridge from Glacial Lake Lapworth 
stood at about 300 feet O.D. The mixed nature of the terrace was 
due to the fact that both the Welsh and the Irish Sea Ice had 
previously been over this area leaving in their wake pebbles from 
each of these regions which would become redeposited from the 
flood waters of the Severn. 
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An examination of the pebbles by the party yielded numerous 
scottish and Lake District granites, with other igneous rocks, Welsh 
Lower Palaeozoic pebbles, Uriconian felsites, etc. Fossiliferous 
ocks included Llandovery Limestone with Pentamerus oblongus 
J. de C. Sow. and corals, Wenlock limestone with Halysites 
satenulata Linn. and Strombodes murchisoni Edwards and Haime, 
Carboniferous limestone with Lithostrotion martini Edwards and 
Haime, and a small pebble of Caradocian sandstone with Rafines- 
juina expansa (J. de C. Sow.) and Dinorthis multiplicata Bancroft. 

Lunch was taken in the quarry before moving northwards to 
he Eardington Terrace, which here stands about 15-20 feet higher 
han the Main Terrace. Although this deposit is being worked at 
he present time just south of the village, the exposures are poor. 
Ine was pointed out where a pocket of pebbles, ranging in size 
rom about three inches downwards, was enclosed by sand which 
shows a rough type of bedding. Another disclosed fine sand with 
yery few stones to a depth of 4 feet. Piles gathered for the crusher 
ynce more provided the party with an average sample. The 
lifference in composition between this and the Main Terrace was 
Jemonstrated, the latter containing numerous northern erratics 
while only a few are found here. The only fossils to be found by 
members were obtained from Llandovery limestone. 

On the return journey to Bridgnorth the cars were left just 
sefore Knowlesands was reached, and a short walk brought the 
party to a vantage point from which the terraces on the eastern 
side of the Severn could be seen.. The present-day alluvium, Lower 
and Upper Danesford Terraces, Main Terrace and Hoards Park 
Terrace, on which High Town Bridgnorth is built, are well 
leveloped, and the fine weather enabled the party to enjoy a splendid 
view. 

Owing to the overgrown nature of the quarry, only a proportion 
xf the members of the party climbed to the top to examine the 
emnants of the Knowlesands Gravel. No exposure is available, 
ut pebbles from the ploughed field at the top of the hill were shown 
by the Director to consist mostly of Spirorbis limestone, calcareous 
ine sandstone and cornstones resembling the Downtonian and 
Dittonian of the neighbourhood, and probably all derived locally. 

The party then drove to Bridgnorth for tea, where a vote of 
hanks was proposed by Mr. J. C. Parrack. In his reply the 
Director thanked the members who had co-operated with the use 
»f their cars and so enabled the full programme to be carried out. 
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PRACTICAL GEOLOGY IN ANCIENT BRITAIN 
Part II. Non-metals 


By C. E. N. BROMEHEAD. 
(Presidential Address read and received Sth March, 1948) 


STONE 


UNTIL the coming of the Romans stone was used, with one 
obvious exception, only for small articles. Megaliths 
seldom, if ever, involved any quarrying operations, surface blocks, 
isolated by nature, being utilised, mostly without any artificial 
shaping. For Stonehenge the local sarsens were skilfully dressed 
to form mortice and tenon.in the lintels and uprights, and similar 
work has been detected on some of the “ blue-stones,” suggesting 
that in its original home in Pembrokeshire this circle included 
trilithons. In the extreme north stone took the place of timber ; 
flagstone slabs were used for furniture at Skara Brae, Orkney, in 
the Early Bronze Age, and somewhat later in Shetland pots were 
fashioned in soft stone, while slate and quartzite were used for tools. 
During the Stone Ages, apart from the Neolithic flint mines, 
only the choice of suitable rocks for implements can now be noticed 
as practical geology. Our member, Mr. Hazeldine Warren, 
discovered the implement factory at Penmaenmawr, where the augite- 
granophyre of Graig Llwydd was used ; examples reached as far 
as Wiltshire and the coast of Essex. For polished axes igneous rocks 
from Cornwall have been recognised, and many were imported 
from Britanny. We have recently heard a description of the work 
that is being done towards identifying the materials and tabulating 
the distribution. 

Among the stone objects that have come down to us from pre- 
Roman times querns for grinding corn are of considerable interest, 
since their use must have begun with the introduction of agriculture 
and is not yet superseded. Saddle querns are known back to 
Neolithic times ; rotary querns first appear in the Early Iron Age 
at Glastonbury. In the south and east of Britain the only rock that 
will maintain a suitable surface for a reasonable period of service 
is Hertfordshire pudding-stone, though sarsens without flint-pebbles 
and hard greensand from near Folkestone were also used. Devon 
and Cornwall supplied granite, parts of Wales and the north 
Millstone Grit and a few areas quartzite. The querns found at 
Glastonbury included 40 of Old Red Sandstone, 13 of the hard 
shore facies of the Lias of Mendip and one of an unidentified mica- 
syenite. Over much of our country suitable stone was, however, 
in such short supply that Niedermendig Lava from the Rhine was 
imported as early as the beginning of the Bronze Age and remained 
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in use till the end of Roman times: a well-known early site is 
Avebury. In the Roman villa at Park Street near St. Albans a 
number of old, worn and broken querns were used as building stone ; 
they included Millstone Grit, Hertfordshire Pudding-stone and 
Niedermendig lava. This imported stone has been recorded from 
some 30 sites. 


Building Stone. It has been calculated that for the “ vitrified 
fort ’’ at Finhaven at least 250,000 cubic feet of stone must have been 
quarried. For normal building in stone, however, we have very 
little until Roman times. The Romans were excellent masons and 
builders and chose their material with great care. Unfortunately 
our climate is not favourable for the preservation of such marks on 
ancient quarry-faces as would afford direct evidence of the methods 
of working. These were fully described in literature by Vitruvius, 
whose account I have summarised in a previous paper. Along the 
line of the Roman Wall a dozen Roman quarries have been 
recognised, some with inscriptions on the faces : that on the famous 
‘“* written rock of Gelt ” has been recorded ; it is dated to the year 
A.D. 207, and states that a company of the 2nd Legion was 
employed ; but it is no longer decipherable. 

The care exercised in choosing the beds and maturing the stone 
in the quarry before use is well seen in York (Eboracum). Magnesian 
Limestone was brought from the Huddleston quarries near Tadcaster 
probably by water down the Wharf and up the Ouse. In the 
Multangular Tower on the walls the Roman stones are as fresh 
as when laid ; the badly weathered stones are a thousand and more 
years later. In a monumental mason’s yard at Cirencester 
(Corinium) most of the stone was Great Oolite from the quarry 
at the Querns close by, but one altar-pedestal was of Bath stone ; 
the owner, named Sulinus, probably used Bath stone for his best 
work, as he set up an altar with his name in that city. The known 
Roman quarries here adjoined the Fosse Way near the present 
Bloomfield Crescent, south of the city, and may have reached as 
far as English Combe. There is some evidence that the stone was 
mined. Bath stone was taken at any rate as far as Silchester; a 
carving from Colchester has also been identified. It would hardly 
be an exaggeration to say that the Romans used practically every 
one of our recognised building stones. Tufa, so familiar in Rome, 
was naturally a favourite and was seized upon when it could be 
found ; it was used near Maidstone, Dursley (Glos.) and Malton 
(Yorks.). Roofs were usually of tiles, but any fissile stone was 
welcomed for this purpose : Cumberland, Welsh and Charnwood 
Slates have been noticed, Stonesfield' reached Buckinghamshire, 
Pennant the Wiltshire Downs, and so on. 

I Dr. Arkell (‘‘ Oxford Stone,” 1948, p. 129) doubts the use of genuine (‘“‘ frosted’) Stonesfield 


Slate, as distinct from other fissile Cotteswold stone, in Roman times : but “ frosting”? was a 
familiar process then. The available specimens should be re-examined. 
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The Romans had a great liking for ornamental stones : only 
the rich could import the marbles of Italy, Greece and Africa, 
Imperial porphyry from Egypt has been identified from Silchester 
and, more recently, by Dr. Dunham from Canterbury. Purbeck 
and Sussex ‘“‘ marble ” attracted attention ; in the south of Britain 
Purbeck marble has been found in Roman buildings from Canterbury 
and Colchester in the east to Cirencester and Wimborne in the west, 
and reached as far north as Chester. I am not aware of Devonshire 
or Frosterley marbles having been recorded ; local antiquaries might 
keep a look out for them. 

Perhaps the most striking remains of Roman buildings, preserved 
on the site or removed to museums, are the coloured mosaic or 
tesselated pavements or floors. Many of the materials used are 
natural, sought for at considerable distances. Those at Cirencester 
were studied by S. Buckman; they include purple sandstone 
brought. from Herefordshire, Chalk, Oolites, Lias, etc., some of 
them roasted to improve the colour. This subject has been some- 
what neglected, but it is satisfactory that at the present day archaeo- 
logists and excavators are having all rock specimens examined by a 
petrographer and, as at Park Street, St. Albans, mortars and 
cements by experts of the Building Research Station. 


CLAYS : 


The introduction of pottery is one of the criteria separating the 
Neolithic from the Palaeolithic Age: but though many different 
types of pottery from that period to the coming of the Romans have 
been named, described and arranged in order, little of geological 
interest arises. From the Iron Age site at Hembury (Devon) the 
mineral constituents of several kinds of pottery were examined by 
H. H. Thomas. Much of the material used probably came from 
the borders of Dartmoor, but whether in the raw or already manu- 
factured is doubtful. Fragments of Kimmeridge Shale have been 
recognised in pottery ; but only in exceptional cases can the material 
of any ordinary ware be of evidential value. Such an exception 
is the Early Iron Age pottery with a red haematite surface from 
All Cannings (Wilts.), Meon Hill (Glos.), Hengistbury Head (Hants.), 
etc. The red oxide is produced in the kiln from iron ores, but these 
are seldom far to seek. 

Clay for making bricks, tiles and pottery was so generally used 
by the Romans in Britain that few points call for mention. In 
many cases, no doubt, they merely continued pre-existing pot- 
works, but the amount of ware used was vastly increased, the kilns 
were improved and enlarged and the washing and puddling of 
clay was apparently a Roman introduction ; it can be traced in the 
tilery at Tiddington, near Stratford-on-Avon. 

Probably almost every settlement had its own works, but 30 
known sites are of sufficient importance to be marked on the 
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Ordnance Survey Map of Roman Britain. L. C. West, in his 
book on ‘“ Roman Britain—the Objects of Trade,” lists 90 pot 
factories, apart from brick-works. The Silchester brick-works were 
at Little London, two miles to the south-south-west, in Lower Bagshot 
Beds ; bricks, roofing and box-tiles were made, some stamped with 
the name of Nero, Emperor A.D. 54-68. It is interesting to see 
that the same beds have been worked for the same purpose close 
by quite recently. 

A group of Roman kilns near Headington stretched for four 
miles along the road from Alchester to Dorchester (Oxon.), working 
Kimmeridge and Oxford Clay, as now. It has been calculated 
that the pottery works that produced Castor Ware, at the height 
of their prosperity, employed more than 2,000 people. The kilns 
are scattered over an area of 20 square miles in the valley of the 
Nen, with Durobrivae as the centre. 

A Roman kiln has been found at Arne, on the south shore of 
Poole Harbour, showing that the quality of Poole clay, now sent 
away to the Potteries and other places, was appreciated. In the 
manufacture of New Forest ware white clay from Lytchett, grey 
from Holwell, yellow from Verwood and possibly blue Gault from 
the Isle of Wight were used. At Holt near Chester green-glazed 
ware was produced, powdered flint, galena and copper carbonate 
being the ingredients of the glaze. 

A great number of kilns have been found in various parts of 
Britain, sufficiently well preserved to allow of full description. In 
1933, eight kilns were found in the» excavations at Colchester. 
Four of these made ordinary buff ware, but the other four, enclosed 
in a retaining wall, made red-glazed Terra sigillata, commonly 
known as Samian. Every known second century form of pot seems 
to have been produced ; of potters’ names stamped in the ware the 
commonest are Acceptus, Cunopectus, Gabrus, Minuso and Senilis. 
The ware was both plain and decorated, over 200 fragments of 
moulds for the latter being found and one figure stamp of a gladiator 
for appliqué work. One of the kilns had an internal diameter of 
7ft. and a flue 15ft. long, but it had been over-stoked and fused, 
so that not much remains. The date is round about a.p. 200. 

This discovery has been hailed as proof that, contrary to accepted 
opinion, “ Samian”” ware was made in Britain. Yet a mould for 
making it was discovered in 1873, when York station was built, 
and has been in the Yorkshire Museum ever since. Roman -pot- 
kilns at Sandford, Oxon, were described in 1879. All the pottery 
was supposed to have been made on the site except a few pieces 
of red glazed Terra sigillata. A mould for “ Samian ” ware from 
Peterborough is (or was) in the Hull museum. At Marley Hill 
(Hereford) a “ false Samian”’ ware with good red glaze, but less 
hard than the continental types, appears to have been made 
continuously from the first to the fourth century. What must have 
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been a very large pot-works, mainly fourth century, has been partly 

excavated at Cranbeck, near Malton, and described by Philip 

Corder ; its products are abundant on the Wall. Thames Valley 

<i enae was utilised early in the occupation on the site of St. 
aul’s. 


Fuller's Earth. A special form of clay, Fuller’s Earth, was of 
great importance to the Romans. The coloured pictures of the 
various fulling processes preserved at Pompeii are familiar. In 
Britain Roman fulleries have been recognised at Darenth (Kent) 
and at Titsey Park (Surrey) : presumably both used the material 
from the Lower Greensand. A large establishment at Chedworth 
(Glos.) used that from the Fuller’s Earth Series. One would hazard 
a guess that this last treated raw wool for manufacture, the two 
former being district laundries. No doubt over most of the country 
the domestic washing was mostly done at home—a stage in civilisa- 
tion to which we seem to be returning ! 


Glass. Largely dependent on clay for the seggars, etc., are glass- 
works. The most important so far studied were at Widderspool, 
near Warrington : the St. Helen’s sand was used, as now, by the 
Romans; lime had to be brought from a considerable distance ; 
both cannel and ordinary coal were used for firing (below). Glass 
kilns were found in London near St. Paul’s ; glass bangles seem to 
have been made at Traprain (Haddington) at the end of the Roman 
period. Many other glass-making sites must have existed ; Roman 
window-glass has been recorded from more than 40 localities and 
it is unlikely to have been imported ; fine glass table-ware was, 
however, imported from the Rhone valley. 


COAL 


It is only in recent years that we have known for certain that 
British coal was in use as early as the Bronze Age. Dr. F. J. North 
proved conclusively that coal had been employed for cremation 
in a barrow in the Bridgend district, about a mile and a half from 
the nearest outcrop. Previous records, e.g. that Derbyshire coal 
had been worked with oaken shovels and picks, stone hammer-heads 
and flint wedges, were either doubtfully dateable or, in one case 
often quoted, spurious and based on a misreading of the original 
account. It might, however, have been guessed that the Romans 
found coal in use by the natives when they occupied Britain. 
Though genuine mineral coal had been used by Greek metallurgists 
and others at least by the fourth century B.c., the Romans seem 
never to have adopted it in Europe : allusions in literature, often 
translated as “coal,” refer in fact to charcoal. In Provence a 
Roman aqueduct passes through the Esterel coalfield, laying bare 
an outcrop ; in the Lyonnais an underground conduit of the first 
century A.D. cuts through a fine seam ; yet in neither case is there 
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any sign that the fuel, needed for the various associated industries 
such as plumbing, was recognised as such. 

The Romans in Britain used coal from practically every field for 
domestic and commercial purposes. Surely the Britons must have 
taught them. Coal from the Bristol-Somerset field was used in the 
Roman lead works on Mendip, and has been traced in many 
villas, etc., in Somerset, Wiltshire and Berkshire, suggesting regular 
transport along the road to London. South Wales and Forest of 
Dean coal were used at Ely near Cardiff, in the iron-works of 
Ariconium, in the smelters and forges near Stratford-on-Avon, etc. 
At Chester and at Warrington both ordinary and cannel coal have 
been excavated on Roman sites. Derbyshire (lead works), York- 
shire (Templebrough), Durham (Lanchester and Ebchester), 
Cumberland (Ellenborough) are in the list. At Werneth (Lancs.) 
some outcrop works appear to be Roman, while along the Wall 
coal is constantly found, and at Housteads a guardroom contained 
a stock of about a cartload. We even have one record in contem- 
porary literature : Solinus about A.D. 220 says (somewhat obscurely) 
that “‘ at the most important of the hot springs in Britain [i.e., Bath], 
magnificently adapted to human use as a spa, the perpetual fires 
in the temple of Minerva are kept alive with mineral fuel.” 


SEMI-PRECIOUS AND ORNAMENTAL STONE 


Jet. Whitby jet was used for beads as far back as the Long 
Barrow period, normally assigned to the Neolithic : besides examples 
in Yorkshire one is known as far afield as Gloucestershire. It is, 
however, in the Bronze Age that we find this material used in 
quantity : in East Yorkshire there is some reason to think that a 
Long Barrow culture, including the use of a jet, lasted on into the 
Bronze Age, when the Beaker folk were already settling down. 
We now find abundance of jet beads, buttons, rings, pendants, etc., 
and in some cases complete necklaces, one consisting of over 600 
beads. The whole question of early jet has been discussed by 
Frank Elgee (Early Man in E. Yorks.), who gives the very necessary 
caution that in various districts, especially in Scotland, objects 
carved from cannel coal have been wrongly recorded as jet. In the 
Iron Age a jet bead has been found at Glastonbury, but Kimmeridge 
Shale was much more abundant (below). 

The Romans were greatly attracted by Whitby jet, probably 
collected on the beach rather than mined : there are traces of export 
to the continent. A jet-worker’s shop, containing raw materials, 
part-worked and completed ornaments, was found at the Station 
site at York. Some of the products are as fine or finer than any 
of the later work. Among the treasures of the York Museum is 
the hair of a Roman lady with her jet pins still in place. Specimens 
have been found as far south as Cirencester, London and Colchester. 
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We also have literary evidence. To Pliny, writing about a.p. 70, 
gagates or jet came from Asia Minor, was partly confused with 
bitumen and was valued solely for its supposed medical and magical 
properties. To Solinus, sometimes called “ Pliny’s Ape,” about 
A.D. 220 gagates was a gem brought from Britain: we read 
(Memorabilia XXXI; the more accessible sixth century revision 
called Polyhistoria, Cap. XXV): “ Here [in Britain] is the best 
and most abundant jet. If you are concerned with its beauty, it 
is a black gem ; if quality, it is very light in weight ; if its nature, 
it burns in water and is extinguished in oil ; if its property, when 
warmed by rubbing it attracts little objects brought in contact just 
as amber does.” 


Kimmeridge Coal. In the south the place occupied in Yorkshire 
by jet and in some areas by cannel was taken by Kimmeridge 
“coal,” a highly bituminous shale, probably closely resembling 
the original gagates. It was obtained at Worthbarrow and 
Kimmeridge Bays from the Bronze Age upwards. Many ringsand 
bangles, beads, etc., and a few vases and cups are known; a fine 
vase of Kimmeridge coal found at Old Warden (Beds.) is in the 
British Museum. In the Iron Age more than 30 completed 
objects have been found at Glastonbury ; they were accompanied 
by unwrought lumps, partly made objects and waste showing that 
the raw material was brought there and worked on the spot. 

The Romans developed this industry; besides the familiar 
ornaments they made trays and platters and even articles of furniture 
from it. In 1937 a magnificent carved chair-leg was found near 
Dorchester and is in the museum there ; it is probably third century 
and is more suggestive of ceremonial than household use ; fragments 
of similar objects were previously known. The discs commonly 
called ‘‘ coal money ” are the waste from turning rings, bracelets, 
etc., on a lathe. 


Amber. On the continent amber has been used to trace early 
trade routes from the Baltic to the Mediterranean and the Black 
Sea. In Britain there is no such additional interest to be got from 
examples of its use, though its natural occurrence is confined to 
parts of the east coast. One of the finest early amber objects in 
the world is the Bronze Age cup found in a barrow at Hove and 
now in the Brighton Museum ; the bowl is 34in. wide and 24in. 
high, and there is a handle, so that the original block must have been 
exceptionally large. A badly broken cup was found near 
Dorchester, some 50 beads and rings at Glastonbury, and Roman 
amber is known. There is no reason to suppose that any foreign 
material was imported across the North Sea, at any rate until 
Saxon times. 


Fluorspar. Was Derbyshire ‘‘ Blue John ” known to and utilised 
by the Romans? The question has been debated for many years, 
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but my personal decision is that we have no satisfactory evidence. 
It is doubtful whether any of the old mines near Castleton show 
traces of Roman workmanship ; even if they do, they were almost 
certainly lead mines. About 100 years ago a statement was made, 
and has often been repeated, that a vase of Blue John had been 
found at Pompeii, but the specimen disappeared and the record 
cannot be accepted. In 1940 the late T. Sheppard published a 
statement that he had, in the previous year, seen a pair of vases just 
unearthed at Herculaneum, which he had identified as Blue John. 
It seems extraordinary that such vases, which could hardly be of 
native manufacture, should have reached the Naples area before 
A.D. 79, when the earliest known date for Roman work in the 
district is a pig of lead dated 81. Even if these vases were fluorspar, 
it is certain that pieces cut as wall-slabs and of early Imperial date 
found near Rome are not British ; specimens can be examined in 
our Geological Museum. A large block of fluorspar is said, on 
good authority, to have been found at Rome and cut into slabs to 
decorate an altar in the Jesuit Church. On equally good authority 
it is denied that the rock is fluorspar. With so many doubtful 
points we can only hope that Sheppard’s vases survived the war 
and will soon be available for proper study by experts with knowledge 
of Derbyshire Blue John and of oriental fluorspar. Then we may 
know whether our Derbyshire mineral was worked in Roman times 
and also be able to answer, with some approach to certainty, a 
question which has puzzled antiquaries for four centuries—what 
was Murrhine ? 

There seems little doubt that satin spar from Derbyshire or 
Nottingham reached Rome, cut into cheap jewellery ; specimens 
have been found at the port of Ostia. 


Gems. Besides the wide sense of any precious stone cut and 
polished as a jewel, the word gem is often used in the restricted sense 
of such a stone bearing an engraved design in relief or intaglio. 
Such objects were worn as rings or other personal adornments and 
were used as signets. There was often a superstitious value depen- 
dent on the choice of designs appropriate to each species of stone. 
Gems in this sense were exceedingly popular in classical times and 
many fine collections have been made and described. There is 
some evidence that during the Roman period some were made in 
Britain. 

_ At Dolaucothy gold mine (Part I) a considerable quantity of 
jewellery was found. One of the finds is an onyx seal set in cement 
for engraving and still in an unfinished state ; the subject is Diana 
with hound or Dionysus with panther. One gold trinket was set 
with an engraved sard and several were ready to receive stones. 
Here it seems certain that someone connected with the mining 
engraved gems, possibly in his spare time. The Roman method of 
dressing the ore by pounding and grinding provided a large amount 
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of finely divided, but angular quartz, which would be an admirable 
abrasive for his purpose. 

From the Roman lead-mining centre at Charterhouse on 
Mendip some 10 or 12 engraved signet gems have been obtained, 
attributed to the first century: from Bath a horde of 28 gems, 
some of which are rudely executed, but others fine, accompanied 
by a first brass of Titus. The first record is remarkable for a mere 
mining village ; the second is easily explained as a dealer’s stock for 
sale to visitors. I suggest that all were made at Charterhouse, to 
which Bath would be the nearest favourable market. On the main 
road between the two lies the little Roman station of Camerton 
where two gems have been found. Moreover, the subjects are 
suggestive of a connection. The Bath gems include five cupids, 
respectively climbing a tree, riding a goat, holding a butterfly, 
bending before a tree with an offering and dancing with castanets ; 
the finest from Charterhouse is a cupid fishing, reminiscent of the 
beautiful wall-painting at Pompeii. Among figures of gods and 
goddesses Rome holding a victory is common to both sites. 
Bath has seven animals which link with the Charterhouse bull. 

Again, four gems, two of them cornelian, are recorded from 
Ariconium, the iron-mining centre in Hereford. A considerable 
number were found at Uriconium on the Severn, the nearest Roman 
residential town both to Ariconium and to the lead-mining area of 
Shelve. These were specially studied by T. Wright, who traced 
the whereabouts of as many of the finds as he could. Of one found 
in the present [i.e., 1863] excavations he writes: “It is very 
diminutive, but not ill executed, and the subject is full of fancy 
and imagination : it represents a faun springing out of a nautilus 
shell.’’ It is set in an iron ring and is in the Shrewsbury Museum. 
Another, “‘ in a private collection now dispersed,” he describes as 
the best and most spirited in execution : it showed a hunter on horse- 
back pursued by a lion. Once more, cupids are prominent, one 
stone showing a cupid in a mask frightening another. Wright 
concludes that the Uriconium gems are neither the best nor the 
worst in style, as compared with British finds in general ; he is 
‘inclined to say that the glyptic art was established in Britain ; 
a few first-class gems can be recognised as imports from Italy, but 
the majority suggest provincial art ; some of the worst indicate a 
late period.” I had not seen this paper when I published a note 
on the gems of Dolaucothy and of Charterhouse—Bath. I am not 
aware whether engraved gems are often associated with mining 
centres on the Continent ; but in Namur, Belgium, the home 
of Anterius, Procurator metallorum or mining agent in charge of the 
iron mines to Tiberius, has been excavated. It covered 60 acres 
overlooking the mines. Workshops on the estate are said to 
represent 19 different industries, such as forge, smithy, pottery, 
brewery, saddlery, etc., and also a jeweller’s. 
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Writing as early as A.D. 43, the Roman geographer, Pomponius 
Mela, mentions (III, 26) that the rivers of Britain yield some gem- 
stones and pearls. Other literary evidence for British gemstones 
in the Roman period is more peculiar than complimentary : in 
the “ Aethiopica ” of Heliodorus, a third century A.D. Alexandrian 
Greek novel, a real romantic thriller, one of the characters has, in 
the 16th century translation, “‘a ring, . . . wherein was set 
a brighte Amethyst of Aethiopia . . . in beauty farre better than 
those of Iberia or Britaine.’’ Even if inferior, British carved 
amethysts must have been quite well known in Egypt. 

In connection with jewellery it may be worth mentioning that 
Gowland found a touchstone at Hengistbury ; it was of the usual 
black siliceous shale and the streaks showed that it had been used 
for testing gold. The provenance of the rock could not, of course, 
be recognised. 


CONCLUSION 


We have seen that during the Roman occupation, and in many 
cases earlier, nearly all the mineral resources of Britain were utilised. 
As with metal-mining (Part I) there followed a real break, and the 
Anglo-Saxon peoples gradually developed new and separate indus- 
tries. The utilisation of stone for building and sculpture is a good 
example, showing that it was poor technique, rather than lack of 
artistic sense, that controlled the situation. Many years ago 
P. F. Kendall pointed out that in Yorkshire “ Saxon” church 
architecture made use of Millstone Grit, often brought from con- 
siderable distances, but neglected Magnesian Limestone available 
much nearer or actually on the spot. A considerable part of the 
church at Ledsham is pre-Conquest; it is built of Millstone Grit 
brought from a minimum distance of eight miles; the 13th, 
14th and 15th century additions are of Magnesian Lime- 
stone quarried immediately outside the churchyard wall. Many 
other examples might be mentioned ; even on the Wolds the Saxon 
work of Skipwith, etc., is of grit carried right across the limestone 
outcrop and the Vale of York. Of sculpture fine Roman examples 
in the limestone survive. Throughout the North of England Saxon 
carved and inscribed crosses are world-famous for the beauty of their 
design ; one at Collingham, near Wetherby, dateable to about 
A.D. 650, is of Millstone Grit. In the same church is a 12th 
century cross of the local limestone. It was technical inability to 
quarry and cut the dense homogeneous limestone that prevented 
its use ; for in the Saxon tower of St. Mary, Bishophill Junior at 
York, many blocks of Magnesian Limestone have been used ; 
but it is obvious at a glance that the ashlar has been “ quarried ” 
ready cut from the Roman walls close at hand. In about A.D. 676, 
according to Bede [Lives of the Abbots of Wearmouth, §5], St. 
Benedict had to cross to Gaul to fetch stone-cutters (caementarii) 
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to build him a stone church after the fashion of Rome ; later he had 
to send for glaziers and even to import the sacred vessels and the 
vestments “‘ because he could not procure them at home.” 


Similarly, in the south, St. Aldhelm visited Rome towards the 
end of the seventh century : apparently his previous churches had 
been of wood, while his discovery of Bath stone and the building 
of stone churches at Malmesbury and Sherborne were subsequent, 
to his journey, from which he brought back with him a marble 
altar-slab. His work is commemorated to this day in the trade- 
mark of the Bath (and Portland) stone firms, St. Aldhelm’s glove. 


I know of no evidence that our coal supplies were made use of 
in Saxon times. 


Minor geological arts, such as jet-working, seem also to have 
been interrupted. Bede, at Durham, was not far from Whitby, a 
place with which, on account of its monastery, he was thoroughly 
familiar. He does, indeed, mention jet as a product of Britain, 
but his account of it is merely copied, almost word for word, from 
the passage in Solinus quoted above. Saxon jewellery, inlaid with 
gems or enamel, is magnificent, but the art, even if not all the 
examples found in Britain, is obviously exotic, derived from an 
area, probably in South-Eastern Europe, where garnets were 
abundant. 


So, with the passing of the Romans, a chapter, if not a volume, 
in the history of Practical Geology in Britain, which I have attempted 
to summarise in these addresses, comes to an end. 
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A TRAVERSE ACROSS THE WEALD 
(Weald Research Committee Field Meeting) 


Saturday, 27th September, 1947. 


Report by the Directors: J. F. Kirkaldy, D.Sc., F.G.S., 
and A: J. Bull, Ph.D., F.G.S. . 


THIS Field Meeting was planned to show, as far as it can be 
done in one day, the salient features of the structure, 
geomorphology and stratigraphy of the Weald. It proved very 
popular, 37 members and friends being present, whilst a score of 
others applied too late for seats in the coach. The route followed, 
together with full references, except to the relevant Sheet Memoirs 
of the Geological Survey, is therefore given below in some detail. 
Leaving the Embankment at 9.30 a.m., the coach left London 
by the Sutton By-Pass. A brief halt was made near Cheam to 
comment on the line of settlements which had grown up along the 
springline at the Chalk-Tertiary junction. The weather was very 
hazy, which was unfortunate, for the route passed a number of 
excellent viewpoints. The first of these was on Banstead Downs, 
but the London Basin was obscured and all that could be done was 
to draw attention to the differences in relief and vegetation between 
the sub-Eocene and the sub-Pliocene erosion surfaces and to 
mention Groves’ work [4*] on the nature of the deposits along the 
Brighton Road. During the drive southwards through Burgh 
Heath and Lower Kingswood, the “‘ facet ’ between the two erosion 
surfaces near Garratts Hall was pointed out. Unfortunately the 
main road does not follow the ridge crest, so the degraded cliff or 
“ back ” to the Pliocene bench [8, p. 62] could not be seen. Good 
views were, however, obtained of the heads of the dry valleys of the 
Chipstead Bottom system. 

Reigate Hill was descended slowly and such features of the 
view as were visible, including the bench formed by the Upper 
Greensand, the strike vale on the outcrop of the Gault and the 
Folkestone Beds and the dip-slope of the Hythe Beds, were indicated. 
The extensive exposures in the Hythe Beds in Bell Street, Reigate [7, 
p. 193] were noted. Brief stops were made at Sidlow Bridge and near 
Gatwick Racecourse to demonstrate the presence of a head of 
rejuvenation on the River Mole. At Sidlow Bridge the Mole is 
entrenched to a depth of about 10 feet into the Dominant (Boyn 
Hill) Terrace. Around Horley the river is flowing on the surface 
of the same Terrace, which here forms the floodplain [3]. 

From Horley, the Balecombe-Cuckfield road was followed. For 
the first few miles on the Weald Clay, the landscape was flat and 
uninteresting, but near Poundhill the outcrop of the Tunbridge 
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Wells Sands was reached and the countryside at once became much 
more diversified. When the Mole-Ouse water-shed was crossed, 
the deep incision of the streams flowing southwards direct to the 
sea was very marked. About a mile south of Balcombe, a halt 
was made to examine rootlet beds in the upper part of the Grinstead 
Clay and in an adjacent sandpit the Lower Tunbridge Wells Sands 
[2, p. 76]. Continuing towards Cuckfield, a synclinal inlier of 
Weald Clay was pointed out as one of the many minor folds which 
together compose the Wealden anticlinorium. It was also an example 
of “ uninverted relief,” for the Ouse was flowing along the axis 
of the syncline, whilst the higher ground on either side was composed 
of anticlinally disposed Tunbridge Wells Sands. 

Unfortunately the visibility remained poor, so it was decided 
not to ascend the South Downs for the view from the Devil’s Dyke, 
but to examine the ground at the foot of the Downs. From 
Cuckfield the route lay through Ansty and Burgess Hill to Hassocks, 
where the Lower Greensand was reached. The lowness of the 
escarpment, which is here composed mainly of Folkestone Beds, 
received comment, and a visit was then paid to Hudson’s Red Sand 
Pit. In this very picturesque exposure the White Flint Drift overlies 
the greenish basal beds of the Gault and the vivid red Folkestone Beds 
[1]. Unfortunately the party was unable to find any fossils, so 
that the age of the basal Gault in this neighbourhood is still un- 
determined. From above the pit, the significance of the “‘ 200-Foot 
Platform ” [6] was discussed. 

After lunch at the “ Royal Oak,” Poynings, the beautiful road 
through Edburton was followed and fine views were obtained of the 
scarp face of the South Downs and of the broad feature of the 
Upper Greensand at their foot. Turning northwards towards 
Henfield, the party then visited the large clay pit in Upper and Lower 
Gault to the south of Small Dole. Numerous and typical lamelli- 
branchs and cephalopods were found, but unfortunately the fine 
seam of “cone-in-cone”’ structure noted on a previous Field 
Meeting [5] has been partially removed by the extension of the 
pit. Opportunity was also taken to discuss in some little detail 
the structure of the Henfield neighbourhood [2, p. 81]. A brief 
visit was then paid to the Henfield Brickworks so as to obtain 
specimens of Paludina Limestone. Driving on through Henfield, 
the main features of the tongue of Lower Greensand in the syncline 
were indicated, and further on the feature formed by the Horsham 
Stone near Cowfold was pointed out. After tea at the Crab 
Tree Inn, Dr. G. W. Himus proposed the customary vote of thanks. 

Continuing towards Horsham, a brief halt was next made at 
the Hammer Pond near Coolhurst. The Dorking road was followed 
out of Horsham and a halt was made at the Clock House Works 
of the London Brick Company. Here the party was met by Mr. R. S. 
Franks, Manager of the Clay Block Division, who very kindly 
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explained the technical features of this fine section. The geological 
importance of the exposure is discussed in the following note. 
Ample time was allowed both to collect specimens and to discuss 
technical points with Mr. Franks. 

During the drive through Holmwood, the contrast in the nature 
of the escarpment formed by the Lower Greensand at Leith Hill 
and at Hassocks received comment. The last stop was made in 
the Dorking By-Pass to examine the pebbly developments at the 
top of the Hythe Beds. Specimens of derived Oxfordian ammonites 
and of fish teeth were forthcoming. As the light was now failing, 
the geomorphological features of the Mole Gap [9] did not receive 
the attention they deserved. The Embankment was reached shortly 
before 8 p.m. 
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NOTE ON THE SECTION OF WEALD CLAY 
EXPOSED AT THE CLOCK HOUSE 
BRICKWORKS, CAPEL, SURREY 


(Weald Research Committee Report No. 39) 
by J. F. Kirkaldy, D.Sc., F.G.S., and A. J. Bull, Ph.D., F.G.S. 


[Received 10th October, 1947] 


"THE Clock House Brickworks, which were opened in 1931, 
are situated just over one mile south of Capel, near the bridge 
by which the Horsham-Dorking main road passes over the Horsham- 
Dorking railway (National Grid Reference 174385). The extensive 
pit in Weald Clay is now worked in three faces. The highest shows 
12 to 15 feet of brownish to reddish clay with, in its upper half, 
numerous concretions and small patches of “race.” The middle 
face is the most interesting geologically, and the following section 
was measured in September, 1947 :— 
ft. in. 
12. Blocky-weathering brown clay ree ape eR. : - 
11. Stiff blue-grey clay mee sat a sort a 
10. Bluish clay, often stained shades of purple, becoming 
less silty upwards me a ae PE - AS OS, - 
9. Brownish fine to medium grade strongly micaceous 
calcareous sandstone, but becoming decalcified to- 
wards the southern (up-dip) part of the face. The 
upper surface of the sandstone is strongly ripple- 
marked, and locally in the troughs are to be found 
small pebbles and concentrations of the teeth, scales 
and spines of fish nae oe wan 48 Sa gl - 
Blue-grey clay with scattered Neomiodon sp..... ate aes - 
Shell bed composed of closely packed and compresse 
Neomiodon sp. _.... ae ar bie ae =e 
Dark brown rather silty mudstone with broken frag- 
ments of plants .... a = ne xe Bee EA 4 
Stiff blue-grey clay with scattered Neomiodon sp. .... 2 - 
Thinly bedded mudstones, blue-grey in colour, but 
stained brown round the joints, becoming less silty 
upwards... va a re re AS es 3 6 
3. Stiff blue-grey clay with Neomiodon sp. scattered 
throughout. Some thin shell beds _.... =, Sarge? 6 
2. Greenish silty clay with several irregular layers of 
carious pale grey calcareous sandstone, full of poorly 


preserved equisetalean stems and roots ES A uy 6 
1. Greenish silty clay We ae eee ee Cie 


naga ey ~ Slee 


Total (about) 28 - 


The broad bench at the foot of the face is littered with blocks 
(up to several feet across and 8-9 inches in thickness) of the two 
sandstones, beds 2 and 9 above, and forms a most convenient 
collecting ground. Of particular interest is the lower sandstone, 
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for many of the equisetalean stems and roots are in the position 
of growth. Our impression that this was a soil bed was kindly 
confirmed by Dr. P. Allen, who also stated that the general rhythm 
of sedimentation was closely similar to that which he had found 
associated with the soil-beds of the Hastings Sands [1 and 2*]. 

The lowest face, which is worked by a dragline, shows 20-25 feet 
of greenish-blue shaley clays with one prominent pale coloured seam. 
The discarded blocks reveal that this is a claystone, up to six inches 
in thickness, whose upper surface is often covered with the roots and 
stems of a smaller species of equisetalean plant than that found in 
bed 2 above. The upper surface of one of the blocks was found to 
be covered with the teeth, spines and scales of fish, the following 
being identifiable :— 


Teeth of Hybodus cf. ensis, Woodward. 

Teeth of Hybodus cf. parvidens, Woodward. 

Teeth of apparently two other species of Hybodus. 
Teeth of Lepidotus mantelli, Agassiz. 

Vertebrae of ? Lepidotus sp. 

Scales of Lepidotus sp 


Some years ago evidently a fine specimen of Lepidotus mantelli, 
Agassiz, was uncovered in the upper part of the middle face. 
Unfortunately its importance was not recognised and most of the 
fragments are now lost. We have been handed a piece showing the 
operculum and some of the characteristic scales. 

Another very interesting specimen obtained from the workmen 
was a piece of an ammonite, also said to come from the upper part 
of the middle face. It was sent to Dr. Arkell, who reports as 
follows : ‘‘ There cannot be much doubt it is part of a Peltoceras 
of the Athleta Zone. It is too fragmentary to identify specifically, 
and anyway it belongs to a group that has not been worked out ; 
but I can match it almost exactly from the Athleta Zone of Chickerell, 
Dorset. The nearest named species is perhaps Peltoceras athletoides 
Lahusen.” 

The beds exposed have a fairly uniform northward dip of 4°,. 
but in the lowest face a small thrust-plane was visible, heading 
northwards at 60° and with a vertical and horizontal displacement 
of about two feet. 

The arenaceous seams in the Capel neighbourhood are scattered 
through a considerable thickness of the normal Wealden shales, 
clays and mudstones. They were grouped together by Topley as 
part of his No. 5 horizon of “‘ Sand and Sandstone with Calcareous 
Grit ” [7, p. 105]. He gives brief descriptions of a number of 
sections, but in none does he mention the ripplemarked sandstone 
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so conspicuously developed at Clock House. In the railway cutting 
to the north of Clock House by Stilehouse Farm (now Knoll Farm) 
Topley stated : ‘‘ Here there are some 20 feet of sand, perhaps more. 
Much of this is dark in colour, resembling decomposed grit” 
[7, p. 106]. Today on the east side of the cutting are the scattered 
and shallow workings of the Auclaye Brickfields Ltd. (National 
Grid Reference 169389). Inall, some 30 feet of beds are incompletely 
exposed, but nothing resembling grit is visible. The strata consist 
of greenish or mottled coloured shaley clays with frequent partings, 
up to two inches in thickness, of strongly ferruginous minutely 
bedded and sometimes current-bedded, fine-grained sandstone or 
siltstone. 


CONCLUSIONS 


The Clock House section is important for two reasons. First 
it exposes the first soil beds to be recorded from the Weald Clay, 
and secondly it has yielded the first identifiable derived ammonite 
to be obtained from the Wealden Beds. 


The importance of the soil beds lies in the fact that the equisetalean 
plants must have flourished in extremely shallow water, under 
conditions which were much more likely to have occurred on the 
surface of a delta complex than in a semi-permanent lake. Allen, 
after his first discovery of soil-beds in the English Wealden [1], 
has recently shown that they are developed at several levels in the 
Lower Wealden strata [2] and now they have been found well up 
in the Weald Clay. It is to be hoped that future work by the Weald 
Research Committee will succeed in tracing further the distinctive 
and highly significant rock types seen at Clock House. 


The ammonite mentioned above is important, for previously 
only unidentifiable fragments have been recorded from the Wealden 
strata [4, p. 235, and 7, p. 84]. The presence of an Oxfordian form 
is not surprising, for around Slough the Lower Greensand rests 
on the Oxfordian [6, p. 6] and Oxfordian ammonites are common 
in the Bargate Beds [3], whilst further east in Kent the Wealden 
rests on Oxfordian in several borings [5]. The specimen might have 
been transported to Capel from the landmass to the north either 
as the stomach stone of an Iguanodont or entangled in floating 
vegetation. From its roughly smoothed character and its far greater 
size (35 x 3 x 14 inches) than any other pebble found in the section, 
we are inclined to favour the first alternative. 


We should like to express our thanks to the London Brick 


Company for the facilities granted and to Dr. W. J. Arkell and to 
Dr. P. Allen. 


— 
° 
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NOTE ON TWO EXPOSURES OF THE BASE OF 
THE GAULT IN SURREY 


Together with a Report of a Field Meeting at Oxted on 
Saturday, 17th May, 1947. 


By C. W. WRIGHT, M.A., F.G.S., and E. V. WRIGHT, M.B.E., M.A. 


ONE of the great advantages conferred on geologists by Dr. 

Spath’s recently completed monograph on the Ammonoidea 
of the Gault is the possibility of more exact interpretation than was 
previously possible of the detailed stratigraphy of the Gault. He 
showed in the course of this work that the succession was very 
incomplete in most areas. Although in south-eastern England 
a common lithological pattern is imposed by the presence of a basal 
glauconitic nodule bed resting on the Folkestone Sands followed by 
dark clays of the dentatus Zone and light grey clays of the Upper 
Gault, there is in fact considerable variation between neighbouring 
localities. The main object of the present note is to draw attention 
to the occurrence in Surrey of a horizon that is represented in 
the south-west of England, but is usually regarded as entirely 
wanting in the south-east. 

In the brickworks pit at Albury there is usually only a poor 
exposure, but from time to time we have found in the south-west 
corner of the pit ammonites suggestive of the benettianus Subzone 
of the dentatus Zone. They include fragments of early Hoplites 
and a few specimens of Lyelliceras (of which specimens were first 
found in the pit by Mr. F. A. Lea). The section of the lower beds 
is as follows :— 


ft. 
Dark grey clay of the dentatus-spathi Subzone with 
grey-coated phosphatic nodules es eon .... several feet 
Dark brown clay with crystals of selenite and light 
and dark brown phosphatic nodules, some pyritous.... c. 1 
Brown clay Bs ae ae a oe Orie 
Nearly continuous band of ferruginous lumps of 
indurated clay and sand Ae ae Ae a 
Brown and greenish clay Ra) ae = aS 
Hard green glauconitic sandy clay with bands of 
scattered pale buff phosphatic nodules, monile Sub- 
zone of mammillatum Zone _.... os aes c= overs2tt. 
(Folkestone Sands) : 


on wl 


Py eR Mw a 
_— 


The following ammonites have been found, or may be presumed 
to have come from Beds 2 to 5 :— 

Beudanticeras sp. indet. Bed 5. 

Hoplites cf. benettianus (J. Sow.). Bed 5. 


transitional from benettianus to paronai Spath, not in situ. 
pseudodeluci Spath. Bed 5. 


cf. devisensis Spath, not in situ, perhaps Bed 2. 
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Lyelliceras sp. Bed ? 4. 
aff. gevreyi Jacob. Bed 4 or 5S. 
lyelli, not in situ, Bed 5 or possibly base of Bed 6. 


Although the majority of these determinations are not definite, 
er bieee is such as to indicate the presence of the benettianus 
ubzone. 


The pit at Barrow Green, near Oxted, shows a much better section 
of the base of the Gault. Unfortunately the greater part of the 
exposed surface of the Gault is at the top of a vertical face of sand 
and is inaccessible except at either end. The section is as follows : 


Soil fte-. sin: 
11. Weathered grey clay .... a mee es . up to 3ft. 
10. Scattered large, light grey or buff, light, porous, 
weathered nodules a mee ae re ate 
9. Grey, slightly gritty clay ae 8 ae a 
8. Grey-green phosphatic nodules wae boo a Oo 
7. Gritty glauconitic clay .... ls os ws “eet 
6. Nodules as in 8 .... oh eee - oe Pre aie! 
5. Clay as in 7 ee Bes ee oe A ERS Vo] 
4 
3 
2 
1 


N 


Nodules as in 8 .... 42 = Ss 7 - - 
Clay as in 7 ete oe) ae oe ae 2 ell 

. Clay full of nodules, as above ea 2 we 
. Pale mottled grey sticky clay ae 
(indurated ferruginous top of Folkestone Sands) 


LnAlwlmenmon 


N 


Bed 1 has yielded us only crushed casts of indeterminable 
lamellibranchs. The nodules of Bed 2, however, include many 
fossils. Among the ammonites are Douvilleiceras mammillatum 
(Schloth.), D. monile (J. Sow.), D. inaequinodum (Quenst.), 
Beudanticeras ligatum (Newton & Jukes-Browne), B. dupinianum 
(d’Orb.), Cleoniceras cleon (d’Orb.), C. quercifolium (d’Orb.), 
C. leightonense Spath, C. cf. seunesi Bonarelli & Nagara, C. 
platydorsatum (Sinzow), C. sp. nov., Sonneratia sp. indet., 
Anahoplites sp. nov., Prohelicoceras anglicum Spath, Protanisoceras 
alternato-tuberculatum (Leym.), P. blancheti (Pictet & Campiche) 
and P. cantianum Spath. The other fossils include the gasteropods 
Chenopus (Tessarolax) retusus (J. Sow.) and Dicroloma (Perissoptera) 
sp., the lamellibranchs Nucula pectinata (J. Sow.), N. ovata (J. Sow.), 
Grammatodon cf. carinatum (J. Sow.), Plicatula inflata J. de C. Sow., 
Oxytoma pectinatum (J. de C. Sow.) and Inoceramus salomoni 
d’Orbigny, and the crustacea Homarus longimanus (G. B. Sow.), 
Notopocorystes stokesi (Mantell), Eucorystes broderipi Mantell, and 
Pycnolepas sp. The only fossils we have seen in Beds 4, 6 and 8 
are pieces of wood. 


Bed 10 is unfortunately very near the surface and, moreover, is 
generally inaccessible. We have, however, obtained a few fossils 
from nodules that have rolled down the face of the pit. They include 
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several fairly well preserved ammonites, identifiable as Hoplites aff. 
bullatus Spath and H. aff. pringlei Spath, both forms of the 
benettianus Subzone of the dentatus Zone. We have not found 
representatives of these species in situ, but we did find some frag- 
mentary remains of Anahoplites sp. and Douvilleiceras sp. cf. monile 
(J. Sow.). This fauna, it will be noticed, includes none of the 
species recorded above from Albury, but it may be regarded equally 
as indicating the benettianus Subzone. 


It is to be hoped that further evidence of the presence of this 
horizon will be found in Surrey. 


We are much indebted to Mr. R. Casey for determining the species 
of Cleoniceras. 


REPORT OF FIELD MEETING AT OXTED 
Saturday, 17th May, 1947 
By the Director, C. W. Wright, M.A., F.G.S. 


WELVE members of the Association met at Oxted station 
_and walked to Coney Hill Sandpit, Barrow Green, permission 
to visit which was kindly given by Mr. H. Fairall. 


_ The Director pointed out the features of the section, which 
include a strong development of the monile Subzone and the occur- 
rence of the benettianus Subzone. Unfortunately no fossils from 
the latter horizon were found, but in the nodule beds of the 
monile Subzone members found many fragments of ammonites, 
including species of Douvilleiceras, Beudanticeras, Cleoniceras 
Prohelicoceras and Protanisoceras. 


A vote of thanks to the Director was proposed by Mr. E. C. 
Martin. 
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REPORT OF FIELD MEETING AT GODALMING, 
HURTMORE AND COMPTON, SURREY 


Sunday, 8th June, 1947 
By the Director, C. W. Wright, M.A., F.G.S. 


‘THE majority of members and their friends attending the 
meeting met at Godalming Station ; others joined the party 
at various points. A total of 29 attended. 


The first section visited was the roadside cliff on Frith Hill. 
The Director explained the general characteristics of the Bargate 
Beds of the district, mentioning the varying lithology and the 
indigenous and derived fossils to be found. After examining this 
section the party walked through the grounds of Charterhouse, 
by kind permission of the Headmaster, taking the opportunity of 
inspecting the Memorial Chapel and other buildings of the school 
as examples of the use of Bargate Stone. The path along the edge 
of the school grounds was then followed, and at a convenient view- 
point the Director indicated the prominent features of the Bargate 
topography, a dissected plateau with steep-sided river valleys in 
which the streams meander from side to side. 


Lunch was eaten in the Northbrook Quarry, in the western corner 
of the school grounds. Here the method of quarrying the stone, 
by “ jumping” the doggers, was explained. The Squirrel Inn Pit 
at Hurtmore (and the Squirrel Inn) was next visited. Many small 
indigenous fossils were found on the tips of sand. They included 
several species of Terebratella and other brachiopods, polyzoa, 
lamellibranchs and the cirripede Cretiscalpellum aptiensis Withers. 
A number of siliceous sponges, mostly Plocoscyphia, was also found. 


The party then turned north-east to the Valley of Leaves, a 
sunken lane near Compton. The section here, like that at Frith 
Hill, showed the base of the Bargate Beds, with a thin pebble bed, 
resting on Hythe Beds. Finally a short visit was paid to the pit 
behind the Watts Memorial Chapel at Compton. Several well- 
preserved brachiopods were found and a number of derived fish 
teeth and ammonites, including Quenstedtoceras mariae (d’Orbigny), 
Cardioceras scarburgense (Young and Bird) and ? Pavlovia sp. 

Dr. Bull proposed a vote of thanks to the Director and to 
Mr. E. Evans (Secretary of the meeting). Members then made 
their way, through pouring rain which began inopportunely, to 
Godalming and tea. 
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A NEW GENUS OF SPONGE FROM THE 
ENGLISH JURASSIC 


By H. DIGHTON THOMAS, M.A., Ph.D., F.G.S., British Museum (Natural History) 


‘THE sponge to be described is a striking fossil which is fairly 
common at Horn Park Quarry, Beaminster, Dorset. I am 
indebted to Brigadier G. Bomford for obtaining a number of 
specimens for me and for notes on the section at the quarry ; to 
Mr. G. MacDonald Davies, Professor H. L. Hawkins, F.R.S., and 
Mr. J. H. Wanscher for other specimens ; to Mr. A. G. Brighton 
and Mr. R. V. Melville for the loan of specimens from the Sedgwick 
Museum, Cambridge, and the Geological Survey Museum, res- 
pectively ; and to my colleague, Dr. M. Burton, for much helpful 
discussion. 

All the specimens are in the British Museum (Natural History) 
with the exception of one in the Sedgwick Museum and two in 
the Geological Survey Museum; they are referred to by ‘their 
Register numbers. 


CLASS DEMOSPONGIA 
ORDER TETRAXONIDA 
Genus CRATEROSPONGIA®* gen. nov. 

_ Diagnosis.—Large, free, compound sponge of circular outline, 
with a gently convex upper surface and a slightly concave lower 
surface ; upper surface covered with dome-shaped oscular pillars, 
which are arranged in concentric rings around a central one, each 
terminating in a relatively large circular osculum. 


Genoholotype.—Craterospongia concentrica sp. nov. 
CRATEROSPONGIA CONCENTRICA sp. nov. 
Plate 7 


Material.—The holotype and 18 paratypes, all preserved in 
creamy-yellow or yellowish-brown oolitic limestone. 

Holotype.—S.3816 (Wyatt Wingrave Coll.). 

Paratypes.—S.3815 (Wyatt Wingrave Coll.), S$.5521 (J. H. 
Wanscher Coll.), S.5522 (G. MacDonald Davies Coll.), S.5523 
(H. L. Hawkins Coll.), $.5524-S.5533, $.5556 (G. Bomford Coll.), 
Sedgwick Museum J.13661 (W. Ramsbottom Coll.), and Geological 
Coy. Museum 62811 (J. Fowler Coll.) and 82491 (R. V. Melville 

oll.). 
_Localities and Horizon.—All the specimens except $.5521 and 
8.5556 are from the Inferior Oolite of Horn Park Quarry, Beaminster, 


us Kparnp, a crater. 
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Dorset, of which a measured section is to be published by Brig. 
Bomford in the Proceedings. He collected two of the specimens 
(S.5531 and S.5532) in situ from near the bottom of his Bed as 
which he refers to the murchisonae zone (s.s.), but all the others 
from Horn Park were picked up loose. It is probable that all come 
from the same horizon. 

The paratype 8.5556, from Stoke Knap Quarry, near Beaminster, 
came from a block which had apparently fallen from a small 
exposure of the murchisonae (s.s.) and Ancolioceras zones. Thus 
it is probably from about the same level as the Horn Park 
specimens. 

The paratype $.5521 was collected from a roadside exposure 
of the Inferior Oolite three miles from Bridport, Dorset, on the 
London road. It is stated to be from the middle murchisonae 
(s.l.) (=bradfordense) zone. 

Diagnosis.—Craterospongia in which the oscular pillars are 
15 to 20 mm. in breadth, the oscula about 7 mm. in diameter, and 
the distance between oscula of the inner ring about 25 mm. and 
between those of the next outer ring about 35 mm. 

Description——The sponge is large and low, with a circular or 
sub-circular outline. Its upper surface is evenly and gently convex, 
the margin rapidly rounded, and the lower surface slightly concave. 
A central, rounded, oscular pillar, varying (from specimen to speci- 
men) in diameter from 15 to 20 mm., steep-sided and convex on top, 
and rising to about 8 to 10 mm. above the surface, is surrounded by 
other similar pillars arranged in approximately concentric rings. 
There are five or six in the inner ring and about 12 in the next. 
Each pillar has at the top a circular osculum about 7 mm. in diameter. 
Occasional pillars occur which do not lie on the concentric lines, 
while sometimes the pillars appear in contact (e.g., in 8.5524 the 
central pillar is apparently double, and in the second ring there are 
two instances of adjacent pillars in contact). The distance between 
oscular centres in the inner ring is about 25 mm. and in the next 
ring about 35 mm. Measured from the centres of the oscula, the 
inner ring is usually about 25 mm. from the central oscular pillar 
but may be a little more or less, and the next outer ring is about 
30 mm. farther away. The surface of the sponge has shallow, 
rounded, radial furrows, which extend to the edges of the oscula ; 
between them low, rounded ridges occur which bifurcate to 
introduce new furrows. In some specimens the furrows are joined 
by transverse ones, which may give 2 checkered pattern. The 
margins frequently show swellings which ultimately develop oscula 
and become oscular pillars in a new marginal ring. The under 
surface is apparently smooth. 

Remarks.—There is much variation in size, the largest specimen 
(S.5525) measuring about 300 mm. in diameter. Where little or 
no flattening has occurred from pressure of the overlying sediments, 
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the height of the sponges is about two-sevenths of their diameter, 
but some have been much flattened. 

The holotype, 8.3816 (which measures 165 x 150 mm., and whose 
height is 30 mm. to the base of the central oscular pillar), has a 
more prominent central pillar than is usual, for it rises 15 mm. above 
the surface and is 20 mm. broad : its other pillars are about the same 
width. In some specimens the oscular pillars are rather less broad 
than this, and in §.3815 (which is about 115 mm. in diameter) they 
average 14 mm. in diameter with oscula 5 mm. wide. 

Marginal swellings are best seen in Sedgwick Museum specimen 
J.13661-—in two of them an osculum has been formed. This is a 
well-known phenomenon in some sponges. 

Craterospongia is almost unique in its free, concavo-convex 
form, which is paralleled only by that of Xenospongia Gray, a 
genus also showing radiating furrows on its upper surface. 
X. patelliformis Gray (1858, p. 230, pl. xii ; see also Dendy, 1905, 
p. 116, pl. vi), a rare sponge from Torres Strait and Ceylon, differs, 
however, in a number of ways from C. concentrica. The latter 
reaches a much larger size, and lacks the two narrow grooves near 
the margin of the Recent species, as well as the sub-central impressed 
groove with raised edges enclosing the circular oscula. These are 
only few in number in X. patelliformis and are in striking contrast 
to the numerous, concentrically arranged oscula of Craterospongia. 

It is unfortunate that the spicular structure of the new sponge is 
not preserved in any of the specimens examined, for the systematic 
position of the genus must therefore remain uncertain. It is not 
unusual to find no trace of the spicular skeleton in Monaxonellida, 
Tetractinellida, and Calcarea preserved in limestones, whereas 
Hexactinellida and Lithistida often show some spicular structure, 
even though the original silica has been replaced by calcium 
carbonate. 

Because of its gross morphology, Craterospongia is placed 
provisionally in the Tetraxonida, along with Xenospongia. But it 
may ultimately prove to belong to one of the other groups of 
sponges. 

EXPLANATION OF PLATE 7 


, Upper surface of Craterospongia concentrica sp. nov. Holotype, S. 3816, 
x } approx. Horn Park Quarry, Beaminster, Dorset. 
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I. INTRODUCTION 


"THE modern application of micro-palaeontology to stratigraphical 

problems dates effectively from the year 1917 (Galloway, 
1933, p. 1), and its economic utility, when applied to the require- 
ments of particular industries at the present day, cannot be over- 
estimated. The practical value of the foraminifera of the Chalk 
of this country has only been recognised as a result of the economic 
applications of geology in the 20th century. The few articles 
which have been published on this subject during the last hundred 
years, with one exception (Jukes-Browne, 1904) deal only with 
isolated instances, and make no attempt to establish correlations, 
or to offer assistance in problems of stratigraphical geology. Some 
merely refer to the presence, or absence, of the foraminifera. Jukes- 
Browne (Joc cit.) gives a distribution table of the foraminifera of 
the Chalk largely compiled by F. Chapman, but the material from 
which this list was compiled has not been seen by the writer and 
no details of provenance are given therein. 

The present writer’s results are not intended in any way to 
detract from the valuable work on macro-fossils that has been 
published by previous workers on the Chalk, though it might be 
suggested that the success of their work contributed towards the 
neglect of a systematic study of the micro-fauna. It is not the 
intention at the present stage of this work to enter into discussions 
relating to stratigraphy or lithology as these have been adequately 
described elsewhere, but it is probable that these subjects will have 
to be considered in the light of regional correlations when the 
foraminifera are known in detail. Facies-changes appear to have 
had little effect on the regularity of occurrence and persistence of 
the selected foraminiferal species and, so far, the only differences 
noted are those of quantity and preservation. 

In the Upper Chalk a Globigerina-facies is characterised by 
the presence of Globigerina spp., Globotruncana spp., Gtimbelina spp., 
and Reussella spp., although these species do not normally appear 
abundantly as compared with the total number of foraminifera. 
Ostracods have been noted throughout the whole of the Chalk 
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succession, but have not been studied in detail. Fish teeth, sponge 
spicules and minute mollusca are also present, though these are, 
for the most part, extremely rare. Coprolites, which have been 
previously recorded (Strahan, 1891, p. 366), have been observed 
in varying quantities, but serve no useful purpose so far as this work 
is concerned. 

The opportunity of undertaking the present work was offered 
by the drilling programme begun in 1936 by the D’Arcy Exploration 
Co. Ltd., whose boring for oil through the Portsdown anticline in 
Hampshire penetrated 1,070 feet of Chalk. With so much material 
available it was at once recognised that a comprehensive study of 
the foraminifera might yield information useful in other fields of the 
Company’s operations in Chalk areas. 

Work was begun in the latter part of 1936 with the primary 
object of obtaining a series of index species or assemblages 
of foraminifera by means of which individual zones could be 
identified from well sample cuttings with as little delay as possible. 
By the end of the year a series of foraminifera with restricted ranges 
had been determined from the samples from the Portsdown Well 
No. 1 for each zone contained within the range Schloenbachia 
varians to Actinocamax quadratus inclusive. To test the reliability 
of this series samples were then obtained from outcrops in Sussex, 
whose exact stratigraphical position had previously been determined 
by means of the standard macro-fossils (Gaster, 1929), and these 
confirmed the reliability of the range of the selected foraminiferal 
species. Work was next extended to Dorset, where new material 
was provided by the inclusion of the zone of Belemnitella mucronata, 
and considerable collections were made from all the zones of the 
Chalk in Southern England. The results obtained substantiated 
the work completed in Sussex and Hampshire and provided the 
information for a structure contour map on the Middle Chalk in 
the Lulworth-Chaldon area. 

Owing to the outbreak of war, work was suspended in Dorset 
for more urgent requirements elsewhere, and it was not until 1945 
that drilling was resumed in the Chalk, this time in Norfolk, where 
samples were obtained from shot-holes drilled for geophysical 
prospecting. During this interval the author was able to collect 
and receive outcrop-samples from Devon, Surrey, Lincolnshire and 
Norfolk. All these samples have assisted in confirming the validity 
of the original selected series from Portsdown and have provided 
much more material than can be described in the present paper ; 
indeed, the quantity of new evidence will necessitate considerable 
study before it can be collated with that already obtained. 

_ No attempt has been made during this study to compile a detailed 
list of the total foraminiferal content of the Chalk from the purely 
palaeontological standpoint : the great majority of genera extend 
throughout the whole stratigraphical range and the making of such 
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a list, although exceedingly interesting, would, without assistance, 
have required years of work, besides confusing the primary objective 
of zoning. It is probable that future work will yield much more 
information regarding these long range forms, particularly some 
method of quantitative analysis, and possible variants and transition 
forms may be observed that will add to the list of useful foraminifera. 

Some species which have proved of local: use in determinations 
of horizon have been purposely omitted from this paper as it is 
considered that their regional reliability is as yet insufficiently proved. 

It will be observed from the following account of the 
foraminiferal assemblage that it is not easy to differentiate between 
the zones of the Upper Turonian and the Lower Senonian, but it 
is believed that this difficulty may soon be overcome. 

The presumption that the Chalk is constructed chiefly of the 
tests of Globigerina has been refuted by Earland (1942, pp. 34-35). 
On the other hand, his observation (loc. cit., p. 19) that foraminifera 
form only five per cent of the Chalk is not borne out by the present 
work. Experience has, in fact, shown that in general after a 
careful preparation of the samples it is possible to obtain as many 
foraminifera for identification as can be desired and a sample 
containing less than 1,000 specimens, excluding those specimens 
which will pass through a 120 BSM. sieve, is considered to be very 
poor. During the preparation of the sample for analysis a large 
percentage of the foraminifera are damaged, and an examination of 
the heavy residues after separation in bromoform will reveal many 
broken tests. It is probable that the figure of five per cent given by 
Earland could be considerably increased for the whole range of 
the Chalk (excluding the zone of Jnoceramus labiatus) if it were 
possible to extract the total foraminiferal content undamaged. It is, 
therefore, true to say that the Chalk can be termed a foraminiferal 
rock in the sense that, while it may not yield macro-fossils, fora- 
minifera can always be obtained in sufficient quantities from a 
14-2 lb. sample. 

The foraminifera will, it is hoped, prove especially useful as 
zonal guides to those collectors whose searches for macro-fossils 
are often rewarded by crushed specimens of no diagnostic value. 
But the main advantage in the use of foraminifera is, of course, 
that collecting can be carried out anywhere where the Chalk is within 


reach of an auger. 
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Il. COLLECTION AND METHOD OF PREPARATION OF 
SAMPLES 


Many methods of extracting foraminifera have been described, 
all producing satisfactory results, but no method of preparing and 
examining chalk samples has been exhaustively described since the 
work by Heron-Allen (1894). An individual worker probably 
tends to develop his own technique, but it is essential to observe 
the strictest routine in the method chosen, particularly where there 
are large numbers of samples to be examined. In the case of well 
sample cuttings, samples may be taken at any given interval, as the 
supply of cuttings from the bore hole is continuous whenever rotary 
drilling is in progress. It has been found that by retaining only the 
finer material the risk of contamination, which is always present in 
rotary drilling, is considerably reduced by sieving out the larger 
cuttings, which probably contain fragments (cavings) from the higher 
beds already penetrated by the drill. In sampling from outcrops 
it has been found advisable to collect over an area of about five 
square feet in order to obtain a true representation for comparison 
with well sample cuttings, unless sampling is being made from any 
particular bed. It is convenient to take for each sample about 
14 to 2lbs. of chalk to obtain a satisfactory assemblage of 
foraminifera. 

Strict attention must be paid to the cleanliness of all equipment. 
Samples from outcrops should first be thoroughly washed to 
remove all risk of contamination by down-wash from _ beds 
above and also to remove soil or other extraneous matter which 
can cause trouble later by clogging up the sieves. After washing, 
the sample should be allowed to soak in water until thoroughly 
saturated, then gently crushed with a pestle and mortar, or in 
a vice, until the majority of the material can be washed through 
a 30-mesh sieve and retained on a finer sieve, preferably of 120-mesh. 
The residue accumulated on the finer sieve should then be washed 
in order to remove the chalky material, after which it should be 
boiled in a dilute solution of caustic soda which will assist in the 
further breaking down of the chalk and the cleaning of the 
foraminifera. The length of time allowed for boiling increases 
with the hardness and impurity of the chalk. When the sample 
has disintegrated, the fluid is poured off while still hot and the 
residue swirled around in the bottom of the pan to clean the speci- 
mens. Mechanical stirring is not advised for obvious reasons. 
After drying at a moderate temperature the sample can be separated, 
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when cool, in a bromoform-acetone solution of Sp. Gr. 2.50. For 
this purpose it is necessary to have two 4in. diam. glass funnels, 
supported in a filter stand, one above the other, the upper having a 
rubber extension to allow the fixing of a clip. The sample for 
separation is slowly added to the bromoform-acetone solution in the 
upper funnel and the foraminifera will then be seen floating. Both 
residues are collected separately in filter papers in the lower funnel 
by releasing the clip. Immediately the bromoform-acetone solution 
has been recovered the residues should be washed in acetone to 
remove all traces of the heavier solution. The resulting solution 
of acetone and bromoform should be preserved and used several 
times before washing with water to recover the bromoform by 
separation. The heavier residues will usually be found to consist of 
many prisms of the shell of Inoceramus, chalk and broken tests of 
foraminifera and ostracods. 

Hard chalk can be broken down in winter by soaking the 
sample in water and exposing it to the action of frost, or at other 
times by placing it in a refrigerator. Another very successful 
means of reducing hard samples is to saturate them in a solution of 
sodium hypophosphate. This salt, if allowed to crystallise repeatedly 
over a considerable period, will break down the hardest chalk and 
will -produce sufficient material for determination, though the 
specimens obtained in this way cannot be expected to have the same 
degree of perfection as those extracted from softer samples. 

Many systems of mounting and sorting the foraminifera have 
been described. Throughout this work the Franke slide has been 
used, allowing the specimens to be kept free under a removable 
cover glass and they are therefore accessible for quick reference 
and easy examination. 


lll. PALAEONTOLOGY: 
LOWER CHALK 
Cenomanian 


SCHLOENBACHIA VARIANS ZONE 


Foraminifera, mostly arenaceous forms, are abundant in this 
zone. They are both easily extracted and in a good state of 
preservation. 

Of all the zones of the English Chalk this can be said to be 
the easiest to recognise owing to the distinctive species, Textulariella 
cretosa Cushman, which is entirely confined to it and has never 
been found outside it. Plectina ruthenica Reuss is also present, 
but is more abundant in the higher division of the Lower Chalk. 
Other foraminifera confined to the Cenomanian have also been 
observed. 


I When considering these notes reference should be made to the distribution chart, Pl. 10. 
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HOLASTER SUBGLOBOSUS ZONE 


Arenaceous forms are not quite so abundant here as in the 
varians Zone. This zone may, however, be distinguished from it 
by the prevalence of Rotalipora turonica Brotzen and by the absence 
of Textulariella cretosa Cush. A distinctive new species of 
Globigerina (see below), first noted in the Portsdown well, and 
named after the locality, is dominant in the upper part of the zone 
and has also been observed to persist with regularity at the same 
horizon elsewhere in the South of England. Other species of 
Globigerina have been noted in this work, and, except for part of 
the upper limits of the Micraster coranguinum Zone and the 
succeeding zones of the Upper Chalk, they are very rare and usually 
quite small. Chapman (Jukes-Browne, 1904, p. 510) records 
Globigerina cretacea D’Orb. as ranging throughout the whole of 
the Chalk succession. 


A sharp palaeontological break between the Cenomanian and 
Turonian is reflected in the foraminiferal assemblage. (See page 
98.) 


SELECTED FORAMINIFERAL SPECIES OF THE LOWER CHALK 


Schlenbachia Holaster 
varians Zone subglobosus Zone. 
Globigerina portsdownensis n. sp. common abundant. 
Gyroidina nitida (Reuss) abundant abundant lower part, 
rare upper part. 
Plectina ruthenica Reuss common abundant, but very rare 
in plenus marl. 
Rotalipora turonica Brotzen common abundant. 
Textulariella cretosa Cushman common absent. 
Tritaxia pyramidata Reuss common abundant at top. 
Tritaxia macfadveni Cushman common common in lower part. 


(Average number of specimens 
observed per sample) 


Very rare .... a Re hes 1— 5 specimens. 
Rare e oe Re a 5—10 specimens. 
Common .... ee ae me 10—15 specimens. 
Abundant .... am she ee 15 specimens and over. 


One to three samples were examined from each locality. In 
the case of the well samples these were taken at 5 or 10-foot intervals. 


Notes on Species. 


GLOBIGERINA PORTSDOWNENSIS na. sp. 
Pl. 8, Fig. 4. P.38283.2 
Test free, trochoid, chambers globular (11-12 in the dorsal spire) 
not closely appressed, often the last chamber appearing to be almost 
detached in the adult stage, wall hyaline, finely perforate and 
cancellate, aperture small and indistinct, opening into the umbilicus. 


1 Figures following the letter ““P” indica’ i i i 
te the registered numbers 
Department of Geology at the British Museum (Natural History). re etamtaecr gs he te 
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Diameter up to 0.5 mm. This species is very near to G. cretacea 
Reuss, but does not have the characteristic depressed chambers. 
Range : Confined to the Cenomanian. Abundant in the upper 
part of the Holaster subglobosus Zone. 
Holotype : Portsdown No. 1 well, depth 900ft., from S. varians 
Zone. Outcrop samples containing this species have been obtained 
from the localities as noted on page 98. 


GYROIDINA NITIDA (Reuss) 
Pl. 8, Fig. 6. P.38285 


Although ranging throughout the whole of the Chalk, this 
species is useful because of its rarity in the Turonian, Upper 
Senonian and at the top of the Cenomanian. Elsewhere it is 
common or abundant. 

Chapman records the species under Rotalia soldani d’Orb. var 
nitida Reuss as ranging from the “ Selbornian ” (Gault and Upper 
Greensand) to the Belemnitella mucronata Zone (in Jukes-Browne, 
1904, p. 517). 


PLECTINA RUTHENICA Reuss 
Pi 8, Figs3. | P:38286 
This arenaceous species is confined to the Cenomanian and is 
fairly common in the varians Zone, while in the zone above it is 
quite abundant up to the “ plenus ”’ marl, where it suddenly becomes 
extremely rare. 
ROTALIPORA TURONICA Brotzen 
Pi, 8, Pig,: 1... .P.38282 
A distinctive foraminifer to be obtained from the Lower Chalk 
in Southern England, R. turonica is common in the Schloenbachia 
varians Zone and very abundant in that of Holaster subglobosus, 
but has not been observed in the plenus marl. It was first described 
by Brotzen (1942, p. 32, Fig. 10) and recorded as being rare in the 
Lower Cenomanian and abundant in the Lower Turonian of 
Pomerania. 
TEXTULARIELLA CRETOSA Cushman 
Pl, 8, Fis. 1. _-P.38281 
This species was described by Cushman (1932, pp. 17-19) from 


the Chalk detritus of Charing, Kent. He stated that it had not 
been previously recorded from the European and American 
Cretaceous. 

A. G. Davis personally states that it is very common in the 
Schloenbachia varians Zone of Merstham, Surrey, where it attains 
a much greater size than in the samples from Portsdown.' 


Proc. Geor. Assoc., VoL. 59, PART 2, 1948. Tf 
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F. Chapman (in Jukes-Browne, 1904, p. 518) probably refers to 
the same species as “ Textularia sp. nov., Or distorted,” since this 
is the only record of that genus listed by him as confined to the 
S. varians Zone. 


TRITAXIA PYRAMIDATA Reuss 
Pl. 8e-Fig.. 5.10 B.d8203 


In the varians Zone this form is very common, and abundan 
in the Holaster subglobosus Zone, rare in the Middle Chalk zones, 
but common again in the upper part of the Micraster cortestudin- 
ariym Zone. Chapman records it from the varians Zone to the 
planus Zone in Dorset, Hertfordshire and Sussex. It is well described 
and illustrated by Plummer (1931, p. 134, pl. x, Figs. 18-21). 


TRITAXIA MACFADYENI Cushman 
Pl. 8, Fig. 2. P.38284 


This species was first recorded and described by Cushman (1936, 
p. 3) from the Chalk marl at the Saxon Cement Works, Cambridge, 
and from the Chalk detritus at Charing, Kent. 

It was probably described as ‘“‘ Verneulina proquinqua Brady ” 
by Chapman (Jukes-Browne, 1904, p. 519) as occurring in the 
Holaster subglobosus Zone. 


Localities examined. 


SCHLOENBACHIA VARIANS ZONE 


DORSET. Chaldon Down No. 1 well, depth 755ft.—760ft. 
Chaldon, Pit S.W. of Five Marys. 

HAMPSHIRE. Portsdown No. 1 well, depth 900ft.—1,070ft. 

SURREY. Godstone Caves. 

SUSSEX. Kingston near Lewes. 

WILTSHIRE. Ham, near Hungerford (Shallow boring). 


HOLASTER SUBGLOBOSUS ZONE 


DORSET. Chaldon Down No. 1 well, depth 660ft.—755ft. 
HAMPSHIRE. Portsdown No. 1 well, depth 710ft.—900ft. 
SUSSEX. Bramber (base of Castle). 

Caterham. 


Steyning Brick and Tile Works. 
Kingston, near Lewes. 
WILTSHIRE. Ham, near Hungerford. 


MIDDLE CHALK 
Turonian 
INOCERAMUS LABIATUS ZONE (Rhynchonella cuvieri) 

The foraminiferal assemblage of this zone is in striking contrast 
to that of the preceding zones of the Lower Chalk, for very few 
arenaceous forms are found, and in no instance have other 
foraminifera been found in quantities, while those present are in 
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a poor state of preservation. It was thought that the paucity of 
foraminifera recovered was probably due to the nature of the 
chalk, but thin sections of the harder chalk refute this theory. 

The main feature of the zone is the abundance of spheres usually 
described as Orbulina universa d’Orb. They occur in varying 
quantities throughout the chalk and only deserve mention here 
because of their persistence and the lack of any other easily distin- 
guishable zonal form. 


SELECTED FORAMINIFERAL SPECIES OF THE INOCERAMUS 
LABIATUS ZONE 


Globigerina spp. very rare. 
Globorotalia chaldonensis n. sp. very rare. 
Gyroidina nitida (Reuss) very rare. 
Giimbelina globulosa (Ehr.) very rare. 
Orbulina universa d’Orb. abundant. 
Tritaxia pyramidata Reuss very rare. 


Notes on Species. 
GLOBOROTALIA CHALDONENSIS n. sp. 
Pio) Figs Sa P36 277 


Synonymy.—Globorotalia micheliniana Cushman (non Rotalina 
micheliniana d’Orb.), 1931, p. 45, pl. vi, Figs. 8 a-c. 

Gyroidina micheliniana Cushman (non d’Orb.), 1932, p. 342, 
pl. li, Figs. 12 a-c. 

Specimens identical with those assigned by Cushman to 
Globorotalia micheliniana and Gyroidina micheliniana seen by the 
writer from the Chalk do not agree with d’Orbigny’s original figure 
(1840, p. 51, pl. iii, Figs. 1-3). The name Globorotalia chaldonensis 
is therefore proposed. 

Chapman records Pulvinulina micheliniana (d’Orb.) in Jukes- 
Browne (1904, p. 516) as ranging from Holaster planus Zone to 
that of Belemnitella mucronata in Dorset, Hertfordshire, Yorkshire 
and Kent, but since Chapman’s specimens have not been examined 
it is not possible to say whether they should belong to G. chaldonensis 
or to d’Orbigny’s species. 

Syntypes (2 specimens).—From the Upper Chalk, Micraster 
coranguinum Zone, Chaldon Down, No. | well, depth 250 feet. 


GUMBELINA GLOBULOSA (Ehr.) 
Pl. 9, Fig. 2. P.38278 


Textularia globulosa Ehr. is cited by Chapman (Jukes-Browne, 
1904, p. 517) as ranging from the Holaster planus Zone to that of 
Ostrea lunata. Most English records of the species have been 
identified as Textularia striata Ehr., a synonym of Gtmbelina 
globulosa (Ehr.). In this work the species has been found most 
useful in marking the Offaster pilula Zone, where it is usually quite 
common, but rare elsewhere. 
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ORBULINA UNIVERSA WOrb. 


Jukes-Browne and W. Hill (1887, p. 585), in describing the 
Melbourn Rock in Suffolk and Norfolk, evidently refer to O. 
universa in the following passage :— 

“‘ There is at this horizon a remarkable increase in the quantity 
of single foraminifera cells ; in some of the less nodular and shelly 
specimens they are exceedingly abundant, and form a large. part 
of the material of the Chalk. 

“ Although these forms are often conspicuously abundant, there 
is no other horizon below the Chalk Rock where, so far as we know, 
they play so important a part of the formation of the Chalk. They 
are generally referred to as the disunited or primordial cells of 
Foraminifera ; but it is singular that with their increase perfect 
forms do not become more abundant.” 

In this work it has been noticed to persist throughout the whole 
range of the Chalk in varying quantities and has been found most 
useful as a zonal guide, particularly in the Middle Chalk and in the 
higher beds of the Upper Chalk, where it is fairly abundant in the 
Offaster pilula Zone. 

F. Glaessner (1945, pp. 21, 22, 149) places most pre-Miocene 
records of this species under Oligostegina. 


Localities Examined. 


HAMPSHIRE. Portsdown No. 1 well, depth 650ft.—720ft. 
SUSSEX Rodmell (S.S.W. Abergavenny Arms). 
Southease Church. 
Steyning Brick and Tile Works. 
DORSET. Chaldon Down No. 1 well, depth 590ft.—650ft. 
Chaldon Down. East of Lords Barrow. 
Chaldon S.E. of Five Marys. 
Winfrith Newburgh. 
Poxwell. 


MIDDLE AND UPPER CHALK (Lower Part) 
Turonian 
TEREBRATULINA LATA AND HOLASTER PLANUS ZONES 


_So far it has not proved possible to secure sufficient foraminiferal 
evidence to distinguish these two zones with the material obtained 
from well sample cuttings, but it is considered that a systematic 
study of samples collected from outcrops would yield very 
satisfactory results. One favourable indication is the marked 
palaeontological break provided by the distinctive Hyphantoceras 
reussianum fauna, which only occurs at this horizon. Such a 
discordance is likely to be reflected in the foraminiferal assemblage. 

The chalk of the Terebratulina lata Zone, which is often referred 
to as “ gritty,’ probably because of the abundance of calcite prisms 
(fragments of Inoceramus), provides plentiful foraminiferal material 
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which henceforth increases upwards reaching a maximum in the 
top zones of the Chalk. 

It is here, in the upper zones of the Turonian, that Globotruncana 
spp. are met with in any appreciable quantity for the first time, but 
detailed examination of over three thousand specimens has failed 
to reveal any distinctive species with a short zonal range such as 
is required in this and the following zones of the lower part of 
the Upper Chalk. The description of these important forms is 
therefore omitted from this paper to avoid any confusion that 
might arise in future work. Globotruncana globigerinoides Brotzen 
occurs quite frequently in the Turonian and Lower Senonian, and 
unless the indistinct keel of this species is observed it is possible to 
confuse it with Globigerina. 


SELECTED FORAMINIFERAL SPECIES OF THE TEREBRATULINA 
LATA AND HOLASTER PLANUS ZONES 


Globigerina spp. very rare. 

Globorotalia chaldonensis n. sp. rare. 

Gryroidina nitida (Reuss) common towards the upper part, i.e. in the 
Holaster planus Zone. 

Giimbelina globulosa (Ehr.) very rare except in the lower part of the 
Terebratulina lata Zone. 

Orbulina universa d’Orb. rare. 


Localities Examined. 
HAMPSHIRE. Portsdown No. 1 well, depth 510ft.—650ft. 


SUSSEX. Beeding Cement Works. 
W.S.W. of Cold Dean. 
Beddingham. 
Bramber. 
DORSET. Chaldon Down No. 1 well, depth 515ft.—5é0ft. 


Chaldon, East of Five Marys. 
Chaldon, S.W. of Chaldon Down Buildings. 
SURREY. Kenley. 


UPPER CHALK 
Lower Senonian 


MICRASTER CORTESTUDINARIUM AND MICRASTER COR- 
ANGUINUM ZONES 


In the Lower Senonian there is a marked increase in the total 
number of foraminiferal genera. The most striking feature, 
however, is the sudden advent of a remarkably fine and typical 
Globigerina facies. As yet no reliable index forms are available 
to differentiate between these two very important zones of the 
Upper Chalk. Determinations of specimens obtained from out- 
crop samples are based on a quantitative analysis incorporating 
many genera and species which have yet to prove their consistency 
as reliable zonal indicators over the wide geographical area of the 
Chalk. 
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The first appearance of Reussella cushmani_ Brotz. occurs in 
the lower part of the Micraster cortestudinarium Zone and becomes 
increasingly common in the higher zones, including other species 
of the same genus, reaching a maximum in the top part of the 
Offaster pilula Zone, thereafter becoming rather scarce. Though 
rare, Bolivinita eleyi Cush., Eouvigerina cretacea (H. A. & E.), and 
Stensidina exsculpta (Reuss) all appear in the upper part of the 
Micraster cortestudinarium Zone. Difficulty may be experienced 
in determining whether an outcrop sample comes from the base 
of the M. coranguinum Zone or the top of the preceding zone, 
but where a sequence of samples, such as those obtained from 
well borings, is available, other collateral evidence such as thick- 
nesses of zones and markers encountered above this particular 
horizon, lend assistance to this problem. 

Cibicides excavata Brotz. and C. ribbingi Brotz. first appear 
in the middle of the Micraster coranguinum Zone and, although 
rather rare in the south of England, appear to be more common 
in central Norfolk. An interesting point provided by the presence 
of attached forms of Cibicides in the upper half of the coranguinum 
Zone indicates a shallow water deposition of the Chalk, as these 
forms are usually recorded from Recent seas at shallow depths. 

The coranguinum Chalk, which is usually over two hundred feet 
thick in Southern England, has always been recognised as a difficult 
zone for purposes of mapping owing to the paucity of any short 
range zonal fossils. It is considered that a systematic study of 
outcrop samples, collected at close intervals, would yield much 
valuable information regarding the possible existence of short range 
foraminiferal markers ; certainly a quantitative analysis would 
assist considerably towards the solution of the problem. 


SELECTED FORAMINIFERAL SPECIES OF THE MICRASTER 
CORANGUINUM AND MICRASTER CORTESUDINARIUM ZONES 


Micraster Micraster 
cortestudinarium coranguinum 
Zone. Zone. 
Bolivinita eleyi Cushman rare common. 
Cibicides excavata Brotzen absent rare. 
Cibicides ribbingi Brotzen absent rare, but common 
in upper part. 
Eouvigerina cretacea (H. A. & E.) rare common. 
Globigerina spp. very rare very rare. 
Globorotalia chaldonensis n. sp. common common. 
Gyroidina nitida (Reuss) common common. 
Giimbelina globulosa (Ehr.) very rare rare at base, 

‘ common at top. 
Orbulina universa d’Orb. very rare very rare. 
Reussella cushmani Brotzen rare in lower part, common 

common in upper 
Stensidina exsculpta (Reuss) rare common. 
Tritaxia pyramidata Reuss rare in upper part absent. 
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Notes on Species. 
ad BOLIVINITA ELEYI Cushman 
Pl. 9, Fig. 1.. P.38279 


B. eleyi first appears in the middle of the Micraster cortestudi- 
narium Zone, where it is rare, but becomes increasingly more 
prevalent in the higher zones until it again becomes quite rare 
in the Belemnitella mucronata Zone. 

Wright (1902, p. 179) and Heron Allen and Earland (1910, 
p. 409) record the species under the synonym of Bolivina obsoleta 
Eley from material not in situ. Chapman (Jukes-Browne, 1904, 
p. 510) records it only in the B. mucronata Zone. Other species 
of the genus occur in the Chalk, but have not yet been dealt 
with in detail. 

CIBICIDES EXCAVATA Brotzen 
Pl. 9, Fig. 6. _P.38270 


The upper half of the M.-coranguinum Zone can be distinguished 
by the presence of this species, which is usually common, but is not 
found in the lower part of the zone. It is also common in the 
Marsupites testudinarius and Offaster pilula Zones, thereafter 
becoming rare, and it may be absent altogether in the Belemnitella 
mucronata Zone. 

Brotzen describes the species (1936, p. 189, pl. 13, Figs. 7-8) 
from the Senonian of Eriksdal and gives excellent illustrations. 


CIBICIDES RIBBINGI Brotzen 
Pipe bic: Sy /P38271 


The first appearance of C. ribbingi occurs a little higher in the 
Micraster coranguinum Zone than does that of C. excavata Brotz., 
and it is common throughout the remainder of the Upper Chalk. 
_ Typical forms of this attached species are well illustrated by 
Brotzen (1936, pp. 186-189, pl. 13, Figs. 5-6). 

These two species of Cibicides, appearing in the upper half of 
the Micraster coranguinum Zone, offer a strong indication that a 
change in the depth of deposition of the Chalk was taking place 
at this horizon, an indication also borne out by the variation in 
Micraster in the upper two-thirds of the zone (Rowe, 1899). 

The genus Cibicides has been noted throughout the whole range 
of the Chalk in southern England, but for the purposes of this paper 
only the three most distinctive forms have been recorded. (The 
third significant species will be dealt with in the Offaster pilula 
Zone. 

EOUVIGERINA CRETACEA (H. A. & E.) 
Pl. 9, Fig. 4. P.38280 


Heron Allen and Earland (1910, p. 423) first describe E. cretacea 
under the name Sagrina cretacea H. A. & E. from the Upper 
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Chalk of Selsey, and add that “ it certainly occurs in the Chalk of 
Kent (Keston) and Herts. (Watford) and Rottingdean (Sussex), 
and will probably be found wherever closely searched for in the 
Middle and Upper Chalk.” 

During the work now under review it has only been found 
to range from the Micraster cortestudinarium Zone to that of 
Belemnitella mucronata. It is common in the Micraster cor- 
anguinum Zone, reaching its maximum in the Actinocamax quadratus 
Zone, whereafter it becomes very rare. 


REUSSELLA CUSHMANI Brotzen 
PL-9, “Fig... <P. 362% 


Of the several species of Reussella which have been observed 
to range within the Upper Senonian of the English Chalk, R. 
cushmani Brotzen appears to be the most persistent. It first appears 
in the lower part of the Micraster cortestudinarium Zone, where it is 
quite rare. It becomes more common in the higher zones and 
reaches a maximum in the Offaster pilula Zone, whereafter it again 
becomes rare and has not been met with in the Belemnitella mucronata 
Zone. 


STENSIOINA EXSCULPTA (Reuss) 
Pl. 9, Fig. 10. P.38269 


The first appearance of this species occurs about the middle 
of the Micraster cortestudinarium Zone, where it is rare, but it 
becomes more common or abundant above the base of the Micraster 
coranguinum Zone and persists with regularity up to, and including, 
the Belemnitella mucronata Zone. 

Chapman (Jukes-Browne, 1904, p. 510) records the species 
under the name Rotalia exsculpta Reuss and gives the range 
a extending from the Micraster coranguinum to that of Ostrea 
unata. 

Brotzen (1936, pp. 164-166) made it the genotype of Stensidina 
and records that it occurs in Westphalia (Germany) only in the 
Emscher and Santonian, and not in the Turonian. S. pommerana 
Brotzen is described by him (1945, pp. 51-52) as occurring very 
rarely in the Santonian in the Hollviken boreholes, but abundantly 
in the Campanian and Maastrichtian. It has been observed 
frequently in the higher beds of the English Chalk and has also been 
identified in the Micraster coranguinum Zone. 


Localities Examined. 


DORSET. Chaldon Down No. 1 well, depth 180ft.—515ft. 

Arish Mell and other coastal sections. 

E.N.E. of Lords Barrow. 

N.W. of Chaldon Down Buildings. 
HAMPSHIRE. Portsdown No. 1 well, depth 120ft.—510ft. 
LINCOLNSHIRE. Mumby, near Alford (Boring). 
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NORFOLK. Bridgham (Shallow boring). 
Croxton (ditto). 
Wighton (ditto). 
North Creake (ditto). 


SURREY. Warlingham. 
Tithe Pit. 
Hayling Pit. 
SUSSEX. Beeding Cement Works. 


Old Shoreham, east side of the River Adur. 
N.E. of Tarring Nelville. 

N.W. of Piddinghoe. 

W.N.W. of Piddinghoe Church. 

East of Saltdean. 


MARSUPITES TESTUDINARIUS ZONE AND THE 
UINTACRINUS ZONE 


These zones together with that of Offaster pilula provide some 
of the best preserved Chalk foraminifera to be obtained in southern 
England. The junction with the preceding zone is difficult to define 
with any degree of accuracy as the assemblage of foraminifera within 
the two zones is much the same, only varying in relative quantities. 
Determinations of outcrop samples have therefore to be based on 
the presence or absence of plates of the distinctive crinoids— 
Uintacrinus and Marsupites. 

Bolivina strigillata Chapman occurs very sparingly in the 
Marsupites testudinarius Zone and has not been observed in 2 
Uintacrinus Zone. 


SELECTED FORAMINIFERAL SPECIES OF THE MARSUPITES 
TESTUDINARIUS ZONE AND THE UINTACRINUS ZONE 


Bolivina strigillata Chapman very rare in the upper part, absent in the 
Uintacrinus Zone. 

Bolivinita eleyi Cushman abundant. 
Cibicides excavata Brotzen common. 
Cibicides ribbingi Brotzen common. 
Eouvigerina cretacea(H. A.& E.) abundant. 
Globigerina spp. rare. 
Globorotalia chaldonensis n. sp. abundant. 
Gyroidina nitida (Reuss) abundant. 
Giimbelina globulosa (Ehr.) common. 
Orbulina universa d’Orb. very rare. 
Reussella cushmani Brotzen common. 
Stensidina exsculpta (Reuss) common. 


Localities Examined. 
BUCKINGHAMSHIRE. Taplow. 


DORSET. Arish Mell and other coastal sections. 
HAMPSHIRE. Portsdown No. 1 well, depth 70ft.—120ft. 
KENT. Tilmanstone. 

SURREY. Woodmansterne. 

NORFOLK. Wighton (Shallow boring). 


SUSSEX. N. of Mill Hill, Old Shoreham. 
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OFFASTER PILULA AND ACTINOCAMAX QUADRATUS 

ZONES 

The sudden increase in abundance of Bolivina strigillata Chapman 
at the base of the Offaster pilula Zone provides a most useful zonal 
indicator, while an abundance of a large form of Cibicides, C. cf. 
voltziana (d’Orb.), appears at the top of the Zone, thus providing 
very satisfactory control in this part of the Upper Chalk. 

It is considered that further work on the several species of 
Bolivina, which are present in reasonable quantities, may provide 
a marker between the top of the Offaster pilula Zone (Hagenowia 
rostrata Sub-zone) and the Actinocamax quadratus Zone. Orbulina 
universa @’Orb. increases in size and quantity in the lower part of 
the Offaster pilula Zone. 


Notes on Species. 
BOLIVINA STRIGILLATA Chapman 
Pl. 9; Fig. 3). P.38274 


This species was figured by Chapman (1892, pl. xv, Fig. 10) 
from the Phosphatic Chalk of Taplow (Marsupites testudinarius 
Zone), but was recorded by him in Jukes-Browne (1904, p. 510) 
as being confined to the Actinocamax quadratus Zone. Eight other 
species are also recorded by him which range within the Actinocamax 
quadratus and Belemnitella mucronata Zones. 

In the present work this species has been found to be very rare 
in the Marsupites testudinarius Zone, but to become increasingly 
common at the base of the Offaster pilula Zone and to persist with 
regularity into the Belemnitella mucronata Zone, where it becomes 
very rare and may be absent in the upper part. 


CIBICIDES cf. VOLTZIANA (d’Orb.) 
Pl. 9, Fig. 7. P.38273 


Brotzen records C. voltziana (d’Orb.) (1940, p. 24, Fig. 7), and 
in the summary of the Hollviken borehole (1945, p. 54) it is recorded 
with C. eriksdalensis Brotzen as ranging from the Danian to the 
lower part of the Santonian. 

The species which occurs in the English Chalk has a very 
variable degree of ornamentation on both surfaces of the test in 
the early stages of its appearance in the Echinocorys scutatus var. 
depressulus Sub-zone. This character diminishes towards the top of 
the Offaster pilula Zone, where the predominant form has a 
smooth test and a very pronounced central boss on the dorsal side. 


SELECTED FORAMINIFERAL SPECIES OF THE OFFASTER PILULA 
AND ACTINOCAMAX QUADRATUS ZONES. 

Bolivina strigillata Chapman common or abundant. 

Bolivinita eleyi Cushman common or abundant. 

Cibicides excavata Brotzen common. 
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Cibicides cf. voltziana (d’Orb.) common or abundant except at base of 
O. pilula Zone. 
Eouvigerina cretacea (H. A. & E.) abundant. 


Globigerina spp. common, 

Globorotalia chaldonensis n. sp. common. 

Giimbelina globulosa (Ehr.) abundant. 

Orbulina universa d’Orb. common in the O. pilula Zone, rare in 
the A. quadratus Zone. 

Reussella cushmani Brotzen abundant. 

Stensidina exsculpta (Reuss) abundant. 


Localities Examined. 


BUCKINGHAMSHIRE. Taplow. 

DORSET. Chaldon Down No. 1 well, depth Oft.—130ft. 
Arish Mell coastal section. 
N.E. of Marley Wood Barn. 
Warmwell Down Barn. 


HAMPSHIRE. Portsdown No. 1 well, depth Oft.—7Oft. 
SUSSEX. Knolds Chalk pit, Old Shoreham. 
WILTSHIRE. Dean Hill (S.E. of Salisbury). 


West Harnham. 
Milford, Salisbury. 


Upper Senonian 
BELEMNITELLA MUCRONATA ZONE 


The soft nature of the Chalk at this horizon enables a very 
satisfactory collection of forminifera to be extracted, the most 
useful being Pullenia jarvisi Cushman, a most reliable and consistent 
marker, which makes its appearance at the base of the zone and 
can always be detected throughout this and the succeeding zone. 
The zone has not yet received the minute attention it deserves 
because of the ease with which it can be recognised in general, 
and work was concentrated on other zones of the Chalk which 
had not yielded any index forms of value. The higher beds have 
not been examined in detail and the complete ranges of many of 
the index forms have yet to be ascertained. In this, as in the 
A. quadratus Zone, Globotruncana spp. are very rare and small. 


SELECTED FORAMINIFERAL SPECIES OF THE BELEMNITELLA 
MUCRONATA ZONE 


Bolivina strigillata Chapman rare. 
Bolivinita eleyi Cushman very rare. 
Cibicides excavata Brotzen very rare. 
Cibicides ribbingi Brotzen common. 
Cibicides cf. voltziana (d’ Pe common. 
Eouvigerina cretacea (H. A. & E.) very rare. 
Globigerina spp. common. 
Globorotalia chaldonensis n. sp. common. 
Giimbelina globulosa (Ehr.) very rare. 
Gyroidina nitida (Reuss) rare. 
Orbulina universa d’Orb. very rare. 
Pullenia cretacea Cushman rare. 
Pullenia jarvisi Cushman common. 


Stensidina exsculpta (Reuss) common. 
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Notes on Species. 
PULLENIA JARVISI Cushman 
Pl. 9, Fig. 11. P.38276 


This species and P. cretacea Cushman are found in the 
Belemnitella mucronata and Ostrea lunata Zones and have not been 
observed elsewhere, but I understand from conversation with Dr. 
Brotzen that the genus occurs in the Actinocamax quadratus Zone 
in Sweden. 

Chapman in Jukes-Browne (1904, p. 516) records P. quinqueloba 
(Reuss) as confined to the O. /unata Zone at Trimingham in Norfolk 
and P. sphaeroides (d’Orb.) from the B. mucronata and O. lunata 
Zones. Marie (1941, p. 232) describes the same species as recorded 
here, from the B. mucronata Zone of France. 


Localities Examined. 


DORSET. Arish Mell coast section. 
Belhuish Farm Vines Down. 
Marley Wood Barn. 
West Lulworth, auger hole. 
Owermoigne—Broadmayne Road. 
Chaldon Down Well, No. 2, depth Oft.—54O0ft. 
Winfrith Newburgh 

HAMPSHIRE. Redlynch, near Downton. 

NORFOLK. Stiffkey. 


OSTREA LUNATA ZONE 


Difficulties in obtaining samples of this particular zone owing 
to war-time coastal defence precautions have precluded an 
examination in detail of the outcrop at Trimingham, Norfolk, and 
it is only due to the facilities provided by Mr. Ovey of the British 
Museum (Natural History) that I have been able to examine samples 
of this chalk. Time has not, however, allowed for an extensive 
study. Information regarding the range of several of the selected 
foraminiferal species, and other genera not mentioned herein, will 
provide some interesting results when the opportunity arises to 
examine a sequence of samples. The outstanding features which a 
cursory examination of the material has provided are the appearance 
of additional genera not observed elsewhere in the Chalk of England, 
the rarity of Globorotalia chaldonensis n. sp., elsewhere so common 
in the Chalk, together with a reappearance of a few arenaceous 
forms, factors suggestive of a return to a shallower water facies 
more akin to that of the Lower Chalk. 
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EXPLANATION OF PLATES 8 AND 9 


PLATE 8 


Fic. 1.—Textulariella cretosa Cushman. Lower Chalk, S. varians Zone, 
Portsdown No. 1 well, depth 910 feet. (a) Dorsal view, (b) ventral 
view showing spire forshortened. (P.38281.) x 40. : 

2.—Tritaxia macfadyeni Cushman. Lower Chalk, S. varians Zone, 
Portsdown No. 1 well, depth 910 feet. (a) Side view, (b) apertural 
view. (P.38284.) x 15. ' 

3.—Plectina ruthenica Reuss. Lower Chalk, S. varians Zone, Portsdown 
No. 1 well; depth 800 feet. (a) Side view, (b) apertural view. 
(P.38286.) x 30. 
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. 4.—Globigerina portsdownensis n. sp. Holotype. Lower Chalk, S. varians 


Zone, Portsdown No. 1 well, depth 900 feet. (a) Dorsal, (b) ventral, 
(c) peripheral views. (P. 38283.) x 30. 

5.—Tritaxia pyramidata Reuss. Upper Chalk, M. cortestudinarium Zone, 
Portsdown No. 1 well, depth 485 feet. (a) Vertical view towards 
angular margin, (b) vertical view between angular margins, (c) 
apertural view. (P.38275.) x 30. 

6.—Gyroidina nitida (Reuss). Upper Chalk, M. coranguinum Zone, 
Portsdown No. 1 well, depth 200 feet. (a) Dorsal, (b) ventral, (c) 
apertural views. (P.38285.) x 40. 

7.—Rotalipora turonica Brotzen. Lower Chalk. S. varians Zone, Ports- 
down No. 1 well, depth 800 feet. (a) Dorsal, (b) ventral, (c) peripheral 
views. (P.38282.) x 30. 


PLATE 9 


1.—Bolivinita eleyi Cushman. Upper Chalk, Marsupites Zone, Portsdown 
No. 1 well, depth 100 feet. (a) Side view, (b) marginal view. 
(P.38279.) x 40. 

2.—Giimbelina globulosa (Ehr.). Upper Chalk, O. pilula Zone. Ports- 
down No. 1 well, depth 47 feet. (a) Side view, (b) apertural view. 
(P.38278.) x 25. 

3.—Bolivina strigillata Chapman. Upper Chalk, Echinocorys scutatus var. 
depressulus Sub-zone, Portsdown No. 1 well, depth 50 feet. (a) Side 
view, (b) marginal view. (P.38274.) x 30. 

4.—Eouvigerina cretacea (Heron-Allen and Earland). Upper Chalk, 
M. coranguinum Zone, Portsdown No. 1 well, depth 910 feet. (a) 
Side view, (b) marginal view. (P. 38280.) x 60. 

5.—Cibicides ribbingi Brotzen. Upper Chalk, Ujintacrinus Zone, Ports- 
down No. 1 well, depth 120 feet. (a) Ventral view, (b) peripheral 
view showing aperture. (P.38271.) x 30. 

6.—Cibicides excavata Brotzen. Upper Chalk, Ujintacrinus Zone, Ports- 
down No. 1 well, depth 120 feet. (a) Dorsal view, (b) peripheral view 
showing aperture. (P. 38270.) x S50. 

7.—Cibicides cf. voltziana (d’Orb.). Upper Chalk, O. pilula Zone, Chaldon 
Down No. 1 well, depth 25 feet. (a) Dorsal, (b) ventral, (c) peripheral 
views. (P.38273.) x 30. 

8.—Globorotalia chaldonensis n. sp. Syntypes. Upper Chalk, M. cor- 
anguinum Zone, Chaldon Down, No. 1 well, depth 250 feet. (a) 
Dorsal, (b) ventral, (c) peripheral views. (P.38277.) x 30. 

9.—Reusella cushmani Brotzen. Upper Chalk, Marsupites Zone, Ports- 
down No. 1 well, depth 100 feet. (a) Marginal, (b) apertural views. 
(P.38272.) x 30. 

10.—Stensidina exsculpta (Reuss). Upper Chalk, Marsupites Zone, 
Portsdown No. 1 well, depth 100 feet. (a) Ventral, (b) dorsal, (c) 
peripheral views. (P.38269.) x 30. 

11.—Pullenia jarvisi Cushman. Upper Chalk, B. mucronata Zone, Cutting 
in Broadmayne-Owermoigne road, Dorset. (a) Side, (b) peripheral 
views. (P.38276.) x 30. 
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THE APPLICATION OF GEOPHYSICS 
TO GEOLOGY 
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I. INTRODUCTION 


‘THE title of this paper calls for some comment, since there 

~ can be few applications of geophysics in spheres where 
geological considerations do not enter. The geophysics implied 
here comprise the group of physical observations, together with their 
interpretation, which are usually collected under the heading of 
geophysical prospecting. Of necessity, their major application is 
in the realms of economic geology, but there appears to be no reason 
why they should not be applied to the elucidation of more academic 
geological problems. Those who are familiar with geophysical 
prospecting, particularly in oil exploration, may visualise its 
application in terms of teams of highly trained personnel using 
elaborate and expensive equipmént. Surveys of this nature are 
expensive, and this is the main reason why they have rarely been 
applied to problems which do not ultimately justify their cost. 
This factor, however, applies mainly to the seismic method of 
prospecting and at the moment there is little likelihood of this method 
being simplified to a tool of more general use. All methods, 
however, do not suffer from this drawback and, at the same time, 
the field procedure and technique of measurement can be mastered 
readily. Many electrical methods, the magnetic method and the 
gravitational method using a gravity meter all utilise equipment 
that is easy to manipulate after a short period of practice. 
Occasionally, the capital outlay for apparatus is large, as for a 
gravity meter, but there are signs that some instruments will be 
available for the use of geologists and others. In other methods, 
particularly the magnetic and the resistivity methods, the equipment 
is considerably less expensive, is easily maintained and well suited 
to assist in the elucidation of many problems which may arise in 
geological investigations. 

Accordingly, this paper does not deal with any new advances 
in geophysical prospecting technique, but with standard well- 
established methods. It is hoped that it will encourage others to 
use the methods, and for those the fundamental principles of two 
methods are included, together with a field example of each. The 
field work was carried out by students of the Geophysics Department 
of the Royal College of Science at the beginning of the 1946 summer 
vacation, mainly to obtain some field experience. With a view 
to increasing their interest and the value of the work, attempts 
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were made to solve specific problems which were suggested by 
Dr. G. Wilson, of the Royal School of Mines. One of these was 
to obtain evidence of the existence, or otherwise, of a buried pre- 
glacial drainage channel, and the other involved the tracing of the 
course of a dyke. The first of these was well suited to the use of 
the electrical resistivity method, while the second required the use 
of the magnetometer. 


Il. THE MAGNETIC METHOD 


All rocks in the earth’s crust lie within the influence of the 
earth’s magnetic field, which varies from an intensity’ of 0.35 gauss 
(1) at the equator where the field is horizontal and points approxi- 
mately towards the north, to 0.7 gauss at the magnetic poles 
when its direction is vertically downwards (north magnetic pole) 
or vertically upwards (south magnetic pole). Between the equator 
and the poles there is a continuous change from the smaller 
horizontal field to the larger vertical field, so that at intermediate 
points both horizontal and vertical intensities act together, giving 
a resultant field inclined to the horizontal. From a large number 
of surface observations the earth’s field is known with considerable 
accuracy and it exhibits widespread regional deviations from the 
simple picture given above, together with much smaller areas of 
quite local deviations. In general, these small local anomalies can 
be related to the geological structure and the distribution of rocks 
in their vicinity. 

The magnetic properties of rocks. The influence of the rocks 
on the magnetic field arises from two main causes, their induced 
magnetism and their permanent magnetism. All materials, when 
placed in a magnetic field, become magnets, usually very weak ones, 
but the majority only retain their magnetism as long‘as they remain 
in the magnetising field. In the greater number of cases this induced 
magnetism is in the same direction as the inducing field, i.e. where 
the field enters the body a S. pole is produced and at points where 
the field leaves the body a N. pole. These materials are termed 
paramagnetic to distinguish them from the dimagnetic materials, 
of negligible importance in prospecting, for which the induced 
polarity is reversed. The ease with which a material can be mag- 
netised in this way is measured by its magnetic susceptibility which 
is characteristic of the material and is effectively independent of the 
magnetising field. When this constant is known, the distribution 
of poles produced on the surface of a body in any field can be obtained 
readily. The susceptibility, multiplied by the component of the 
field at right angles to its surface, gives the pole strength per unit 
area, the nature of the pole depending on whether the field enters 

2 The intensity at a point in a magnetic field is measured by the mechanical force acting 


on unit north pole placed at the point, and the direction of the field is given by the difection of the 
force. An intensity of 1 gauss is equal to a force of one dyne on the unit pole. 
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or leaves the body. _As an example, magnetite with a susceptibility 
of the order of 1 is more readily magnetised than limestone of 
susceptibility 4.10-° and for two bodies, equal in size and shape, 
of these materials and placed in equal fields, the poles on the ma gnetite 
will be 250,000 times as great as those on the limestone. 

As indicated above, some materials, after being magnetised 
by an inducing field, do not lose all their magnetism when the 
field is removed. The residual magnetism is usually called 
permanent magnetism, a somewhat unfortunate name since, by 
suitable treatment, it can be removed. Mechanical shock, for 
example, can lead to its destruction. With such materials, e.g. 
iron, steel, magnetite, the magnetic behaviour is complex and it 
depends on the previous history of the specimen. Thus, if a body 
possessing permanent magnetism is exposed to an inducing field 
whose direction does not coincide with that of the original magnetism 
then the resultant magnetisation is, to a first approximation, the 
sum of the old permanent and the new induced magnetisation. 
At some points the new induced poles will cancel some of the initial 
poles and at other points the two will add together. The most 
important point is that the final direction of magnetisation need 
not necessarily coincide with either the initial permanent magnetism 
or the inducing field. In general, it lies somewhere between them. 

Minerals, as a general rule, possess quite small susceptibilities 
and their effects in the majority of cases can be neglected. The 
important exceptions are magnetite, whose susceptibility has already 
been given as unity, ilmenite and pyrrhotite both with a value lying 
between 0.1 and 0.2. The overall susceptibility of a rock depends 
on its content of these three minerals, of which the first is usually 
the predominating influence. Accordingly, sedimentary rocks, 
with rare exceptions, are not satisfactory for magnetic investigations, 
but igneous rocks which may carry a few per cent of magnetite are 
well suited to this type of work. Incidentally magnetite can also 
be permanently magnetised, and accordingly gives an explanation 
of the residual magnetism of some rocks. Deposits of certain 
manganese ores and also of hematite have susceptibilities which 
allow fairly large, shallow bodies of this nature to be examined 
magnetically. 

The magnetic anomaly. No matter how a rock is magnetised, 
either by induction or because of its permanent magnetism, for 
practical purposes it can be regarded as a buried magnet, frequently 
with a complex pole distribution over its surfaces. As such, it 
possesses a magnetic field of its own which, superimposed on the 
normal earth’s field, leads to the local anomalies already mentioned. 
The magnitude of the surface effect depends on a large number of 
factors, including the difference in the magnetic susceptibilities of the 
body and the surrounding rocks, the direction and intensity of 
the earth’s field, the depth of the body, its shape, etc. In spite 
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of this apparent complexity, it is possible to make an estimate of the 
type of distortion to be expected in any particular case. The 
anomaly will depend on the particular component of the field 
examined, either the vertical component, the horizontal component, 
or the total field. The vertical field has been found most useful, 
and only this component will be considered here. 

The simplest case to examine is one in which the upper end 
of the body becomes a S. pole, the lower end being so remote that 
its influence is negligible. This case is illustrated in Fig. 3, in 
which A, O and B are three points on the ground surface, O being 
immediately above the south pole S. The anomaly can be obtained 
from the force operating on unit north pole placed on the surface. 
At O, the test pole will be attracted downwards towards S, and this 
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Fic. 3.—TuHe ANOMALY IN THE VERTICAL FIELD DUE To AN ISOLATED SOUTH 
POLE. 


will be added to the downward force arising from the normal field. 
Accordingly, the total field is increased at O, giving a positive 
anomaly. At A or B, the attraction due to S is decreased, because 
of the greater distance involved, and at each point is directed towards 
S. Only the vertical component of this attraction will influence 
the vertical field and so the anomaly here will be much smaller as 
indicated by the anomaly curve. A north pole below the surface 
would decrease the field, and give a corresponding negative anomaly. 
The maximum value of the anomaly depends on the pole strength 
and the depth, while the horizontal spread is proportional to the 
depth. In a more complex case, in which the poles are spread 
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over the surface of the body, each small area of surface will act as 
a point pole and give its contribution as a curve similar to that in 


pa i The total anomaly is obtained by adding all such contri- 
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For certain simple geometrical shapes the total anomaly can 
be calculated, and even for irregular shapes it can be estimated 
for practical purposes if the direction of magnetisation is known. 
When induced magnetism only is present, since in the northern 


Fic. 4.—TuHe EFFECT OF A VERTICAL DYKE. 
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hemisphere the inducing field dips downwards and towards the 
north, the upper end of a body becomes a S. pole and the lower 
end a N. pole. Similarly, the southern walls acquire S. polarity 
and the northern walls N. polarity. The particular case of a 
dyke is of some interest, and serves as a basis for the interpretation 
of the field example. For a vertical dyke with a flat top, at a point 
where the earth’s field is vertical, the only poles would be S. poles 
over the top, giving an anomaly as shown in Fig. 4 (a). This curve 
corresponds to the case in which the vertical field is 0.4 gauss, and 
the susceptibility 10-3 and the width of the feature equal to twice 
its depth. The anomaly is shown using the smaller and more 
convenient unit of the gamma, of which 100,000 equal a gauss 
(1 gamma=10-5 gauss). A curve of this shape would be produced 
under a number of conditions ; for example, any vertical dyke with 
its strike in the magnetic meridian, or an inclined dyke running 
magnetic E-W. dipping in a direction parallel to the earth’s field. 
Fig. 4 (b) shows the effect of the same dyke in a horizontal inducing 
field of 0.2 gauss when the anomaly shows a maximum on the south 
side and a minimum on the north due to the induced polarity marked 
on the diagram. For an inclined inducing field having vertical and 
horizontal components of 0.4 and 0.2 gauss respectively, a field 
approximating to that in England, the induced poles are the sum of 
those shown in Figs. 4 (a) and 4 (b). Accordingly, the anomaly 
curve in the inclined field is the sum of the two separate anomalies, 
leading to a major maximum on the south side and a much smaller 
minimum on the north (Fig. 4 (c)). In any other inclined field the 
shape of the anomaly for this dyke may be obtained by mixing 
curves 4 (a) and 4 (b) in suitable proportions, these depending 
on the ratio of the vertical and horizontal components of the field. 
The other two curves in Fig. 4 are the anomaly curves for a wider 
dyke (4 (d)) and a narrower one (4 (e)), in the same inclined field, 
the susceptibility being adjusted to give a maximum anomaly of 
about the same magnitude as that in 4 (c). It will be seen that 
there is little change in the main features of the anomaly, the main 
Bayon being a broadening of the peak as the dyke becomes 
wider. 

Magnetic survey over the Armathwaite Dyke. The Armathwaite 
dyke, which was the subject of the magnetic field work, is of andesite, 
and is a continuation of the Cleveland dyke, which runs roughly 
west from the Yorkshire coast up to the Pennine Fault at the east 
of the area examined. From this point the Armathwaite dyke runs 
a little north of west through sandstones and shales of Triassic age 
(Fig. 5). At the eastern end, where the major part of the investi- 
gation was made, the feature is intruded into St. Bees Sandstone, 
which is in contact with Carboniferous Limestone on the upthrow 
side of the major fault. Over to the west, however, it runs 
through lower beds of red shales with gypsum and Penrith Sandstone, 
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_ which here reach the surface. At the roadside quarry near Blunder- 
field Farm the dyke is well exposed as a massive and vertical body 
- some 65ft. wide, while in the Raven Beck, a short distance upstream 
from the Raven Bridge, a corresponding width is visible. Over 
to the west, the dyke forms a weir in the River Eden, and, half a 
mile beyond in a quarry, it is reported as dipping 60°S. Still 
further to the west, about one and a half miles beyond Aiketgate, 
the dyke appears to be badly broken up, and connected with a 
nearly horizontal sheet which occurs in Lothiangill Quarry. 

The general course of the dyke through the drift-covered rocks 
is known from these and other outcrops together with exposures in 
quarries where it was worked for road metal. Some of the topo- 
graphical features in the area also appear to arise from its presence. 
It may be noted here that the magnetic measurements lead to the 
location of exposures besides those indicated on the maps employed, 
a fact which demonstrates the satisfactory interpretation of the 
measurements. It is well known that the Cleveland: dyke is not 
continuous, but is broken into a series of sub-parallel sections 
in echelon. In the Armathwaite section it is not evident whether 
it is a continuous body or not, and the object of the survey was 
to throw light on this point. Unless exposures are frequent or in 
particularly favourable positions, it is difficult to decide such a 
question. The magnetometer, with its ability to detect the feature 
through a thickness of overburden, allows the intervening gaps to 
be examined and the course of the dyke, with any complications, 
to be traced to a few feet. 

It was impossible in the limited time available for the survey 
to cover the whole of the length outlined above, and the work was 
concentrated in the section between the quarry near Blunderfield 
Farm and the point where the dyke meets the limestone to the east. 
Two standard vertical force magnetometers were employed, each 
having a sensitivity of about 20 gammas per scale division and 
incorporating automatic temperature compensation. For the first 
two traverses one of these was used as a base instrument to take 
into account the time variations of the Earth’s magnetic field, 
but later, as the anomaly was found to be so large, the base station 
was dispensed with, and both instruments employed in the surveying. 

The first traverse (A) was laid out about 100yds. to the east 
of the good exposure in the roadside quarry and a series of observa- 
tions were made at 100ft. intervals, except when the field changed 
rapidly with position, when the distance between stations was reduced 
to 20ft. The results of this traverse were intended to demonstrate 
that the susceptibility of the dyke material was adequate to give a 
measurable anomaly, and also to obtain a calibration curve to assist 
in the interpretation of other measurements in regions where the 
conditions were not so well known. The results (Fig. 6) show an 
anomaly of some 200 gammas range with a sharply defined feature 


120 J. M. BRUCKSHAW 


coinciding with the known dyke position. In addition, there appear 
a broad maximum to the north and one isolated high value some 
distance to the south. Neither of these two features is explicable 
in terms of the known dyke and to obtain further information 
concerning these features a second traverse B was laid out cutting 
the line of strike about 300yds. to the east. Along this, a detailed 
set of observations were made, the station interval being reduced to 
5ft. where necessary. For comparison, the measurements are shown 
below those of the previous traverse. As A is at right angles to the 
strike and B is not, distances on the two magnetic profiles are not 
strictly comparable. The sharp peak to the south is now revealed 
as a maximum followed by a minimum of roughly the same 
magnitude, the two turning points being separated by about 20ft. 
Beyond this is the signature of the main dyke bearing a very close 
resemblance to that on the previous traverse, but the broad peak to 
the north is shown as a complex curve with a number of maxima 
and minima. 

The interpretation of the various features on this curve must 
be regarded as tentative pending further field observations and 
laboratory measurements. One important fact is apparent, that the 
main dyke is readily detected and appears to give a typical magnetic 
profile. The shape of the anomaly, however, does not resemble the 
theoretical curves of the type shown in Fig. 4 (c), (d) and (e), which 
should be applicable. Indeed, to the south of the dyke, where a 
maximum is anticipated, a minimum is obtained, and to the north 
the expected minimum is replaced bya maximum. The field measure- 
ments can be analysed into an asymmetrical component, similar 
to 4 (a), but inverted, and an asymmetrical component similar to 4 (b), 
but again inverted. The ratio of the amplitudes of the two curves 
differs from that indicated in Fig. 4, the asymmetrical component 
having a much greater relative range. Such curves can only arise 
from a complete reversal of the expected polarity, in fact the top of 
the dyke has a north polarity, the south wall a north polarity and 
the north wall a south polarity. Now magnetisation by induction 
is also taking place, since laboratory observations show that the dyke 
material has a susceptibility of the order of 3000.10-°. It must be 
concluded that the dyke possesses permanent magnetism, roughly 
in the opposite direction to the earth’s field and that it is so strong 
that it more than compensates for the induced magnetism. Suchcases 
are not unknown. Thus Schultze [1*] has reported abnormal 
magnetisation of igneous rocks in Saxony, while McLintock and 
Phemister [2] found the same type of magnetisation for the Lornty 
Dyke near Blairgowrie in Perthshire. The most famous dyke 
system of this nature, however, is the Pilansberg [3] system in 
South Africa, a system of some 14 dykes spreading out in a fan- 
shaped manner, some of them extending for 100 miles. It is quite 


* For list of References, see p. 130. 
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frequently suggested that a small amount of residual magnetism 
may account for minor discrepancies between measured and calcu- 
lated anomalies. 

Turning to the rest of the features on the curves, the suggested 
peak on A to the south of the dyke is probably associated with the 
sharply defined anomaly on B and a possible explanation is the 
existence of a second thinner dyke. The Cleveland dyke is known to 
divide and this feature may have been repeated here. If this proves 
to be the case, however, it suggests that the dyke is magnetised 
mainly in the horizontal direction, but here the polarity is the 
same as that induced by the horizontal field. The explanation of the 
number of maxima and minima to the north requires additional 
observations for their elucidation. The possibility of other dykes 
is not ruled out, but some five or six would be required to give all 
the observed features. The Armathwaite dyke is also associated 
with nearly horizontal sheets, as at Lothiangill Quarry, and some 
feature of this nature, either broken up or of variable thickness, 
may be the explanation. 

Other examples of the measurements along some of the traverses 
shown on the map are shown in Fig. 7, and in all cases the same large 
minimum to the south is obtained. For traverse I the anomaly, 
with a sensitivity of 20 gammas per scale division, is of the order 
1,000 gammas or more. Traverse K refers to a section to the west 
some three miles beyond the area of most of the observations, and 
illustrates that the dyke appears to maintain its magnetic charac- 
teristics over long distances. It should be noted that all traverses 
were started at the southern end, but only on A and B was the effect 
of the thin dyke obtained. As a result of this work it can be con- 
cluded that the dyke is continuous between the Pennine Fault and 
the Blunderfield Quarry, where it appears to show certain complica- 
tion which can only be cleared up by further field observations. 


Il. THE RESISTIVITY METHOD 


The electrical conductivity of rocks. As its name implies, this 
method depends on, and in fact measures the electrical resistivity 
of the rocks in the area surveyed. The resistivity of a rock is defined 
as the resistance of a cube of one centimetre side with the current 
flowing parallel to one edge and uniformly spread over the cross 
section. The unit in which it is measured is the ohm-centimetre. 
The conducting properties of a rock depend almost entirely upon 
the amount of moisture, and its salinity, enclosed within the rock, 
the various minerals of which the rock is made, for the most part, 
being insulators. Thus a rock with a large moisture content is a 
good conductor, having a low resistivity, and for two rocks con- 
taining the same moisture content, that having the greater salinity 
of the moisture will be the better conductor. It follows that the 
resistivity is not a characteristic of the rock itself, but is controlled 
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by the local conditions under which it occurs. In any one area. 
where the salinity of the ground waters is approximately constant. 
it is possible to differentiate between the saturated rocks below the 
water table and the drained material above it, a fact which has been 
utilised in the search for shallow water supplies. Again, below 
the water horizon a distinction can be made between rocks of 
different porosity such as alluvium overlying a compact rock, while 
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above the water level, since the coarseness of a rock influences its 
retention of water against gravity, other distinctions are possible, 
as, for example, the high resistivity of a well-drained gravel compared 
with the much lower value of a clay. It should be noted that, in 
practice, the resistivity values only are known, and the step to the 
type of rock possessing the measured value is essentially a deduction 
which must be guided by a knowledge of the local geology. 

The measurement of resistivity. In the measurement of resistivity 
an electric current is introduced into the ground by driving two metal 
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pikes C,C, into the surface and joining them by insulated wires 
> the poles of a battery, or other convenient source of electrical 
nergy (Fig. 8). The current which flows in the ground does not 
ass directly along the shortest path from one metal spike (electrode) 
) the other, but spreads out and theoretically occupies the whole 
f the volume accessible to it. Near the point at which the current 
nters it diverges from the electrode uniformly in all directions below 
1e ground surface, but at greater distances the second electrode 
wfluences the current paths which become curved and ultimately 
onverge towards the second electrode. In uniform ground, the 
nes of flow have a definite shape (shown in the figure) which is 
dependent of the resistivity of the medium or the distance between 
ve current electrodes. Hence, as the distance between the 
urrent electrodes is altered, the current penetration changes in 
roportion. Although in non-uniform ground this strict proportion- 
lity is not applicable, there is normally an increase in penetration 
ith separation. Accordingly, it is possible to make observations 
) different depths. To measure the resistivity, a second pair of 
lectrodes P,P., called the potential electrodes, is introduced 
etween the current electrodes so that the four contacts lie on a 
raight line at equal distances a apart, the distance a being referred 
» as the electrode separation. The voltage drop V is measured 
etween the inner potential electrodes when, if I amps is the current 
assed through the ground, the resistivity p of the ground, assumed 
niform throughout its volume, is given by 


p = 2naV/I = 2naR 


here R is the mutual resistance measured. In general, the assump- 
on of a uniform resistivity throughout the ground is not justified 
nd the value then measured is called the apparent resistivity. It 
the variations in the apparent resistivity with either the electrode 
sparation, or the position of the electrode system, which allows 
eductions to be made concerning the distribution of resistivity 
1 the area and, ultimately, the distribution of rocks. The particular 
lectrode system described here is the Wenner electrode system and 
the most frequently employed. Other configurations, however, 
ave been proposed and used, when a modified version of the above 
yrmula is necessary. In practice, it is rare to calculate the absolute 
ulue of apparent resistivity, but to use instead the value aR, 
hich obviously varies directly with p. 


The use of apparent resistivity. One application of the method 
readily appreciated by means of a simple example, that of a layer, 
niform in resistivity and thickness, resting on the plane surface 
fa second medium of considerably different resistivity. The problem 
the determination of the thickness of the upper layer together with 
e two resistivities involved. A series of measurements are made 
ith different electrode separations, the electrode system being 
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- expanded along a line about a fixed central point. When the 
electrode separation is small in comparison with the thickness 0: 
the surface layer, practically all the current is confined to this layer 
very little penetrating to the lower medium. This condition is 
illustrated in Fig. 8 with RS as the interface between the rocks 
Accordingly, the apparent resistivity observed will be a close ap- 
proximation to the true resistivity of the surface layer. On the 
other hand, when the electrode separation is large in comparisor 
with the thickness, conditions corresponding to TW as the interface. 
nearly all the current reaches, and passes through, the lower rock 
and the measured resistivity tends to the value of the underlying 
medium. As the conditions change from one extreme to the other 
the apparent resistivity varies continuously from the surface value 
to that of the lower medium, giving a resistivity curve illustratec 
in Fig. 9 (b) when the apparent resistivity is plotted against electrode 
separation. Under ideal conditions, the shape of the curve can be 
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calculated and by a routine calculation the depth of the boundary 
between the rocks can be estimated. 

With the above expanding electrode system, the measurements 
reveal changes with depth. If, however, the electrode configuratior 
is maintained constant, but moved about the area, then latera 
variations are revealed. For example, if the surface of separatior 
between two rocks of different resistivity has the form shown ir 
Fig. 9 (a) and an electrode separation is selected so that the lowe! 
medium, assumed here of high resistivity, contributes appreciably 
to the observations, then at A the apparent resistivity will be greater 
than at B due to the greater contribution of the lower medium ai 
the former position. A resistivity profile, obtained by plotting 
apparent resistivity against position, would then have a shape 
which would reflect closely the depth variations of the boundary 

In the field work described below, the measuring equipment 
consisted of a high tension battery and a multi-range milliammeter 
in the current circuit and a field potentiometer, capable of measuring 
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1p to 300 millivolts, for the observation of the voltage. To eliminate 
9olarisation effects at the electrodes, and also the influence of natural 
arth currents, a double commutator wasincluded. Forconvenience 
of handling, these were assembled in two boxes with handles, each 
cing approximately of the size of an attaché case. 

Geophysical work at Thornton Force. The resistivity survey to be 
lescribed here was carried out in the vicinity of Thornton Force, 
i fall on the River Doe about one and a half miles north of Ingleton 
n Yorkshire. Jt is to be found in the NW. corner of the Ordnance 
survey 6-inch map of Yorkshire (West Riding), Sheet XCVI, SW. 
fhe area is one in which massive Carboniferous Limestone rests 
inconformably on grits and slates of Ingleton (Pre-Cambrian) age. 
Away from the valley itself the limestone carries a mantle of drift 
hrough which the underlying rock outcrops at a number of points. 
Above Thornton Force (Fig. 10) the valley narrows into a winding 
yorge before opening out into the wider section of Kingsdale, whose 
loor is covered by lake deposits. The rocks are well exposed on the 
lanks of the valley below Thornton Force, particularly on the 
vestern side, on which the nearly horizontal unconformity can be 
raced upstream to a point a short distance below the waterfall, 
vhen it disappears under the drift. On the eastern side the un- 
onformity is visible from a point roughly 100ft. from the fall up 
oO the fall itself, under which it passes to be obscured again by the 
irift a short distance downstream on the north side of the river bend. 
The two points of disappearance are separated by some 150ft. It 
las been suggested that the boulder clay dam blocking the valley, 
ind responsible for the formation of the now drained lake in the 
ipper reaches, caused a deflection of the river into its present course. 
The original valley, now hidden below the drift, runs from a point 
lear the sharp bend to the east of the river and joins the existing 
alley at the gap in the unconformity. The object of the geo- 
yhysical work was to confirm, if possible, the presence of the buried 
hannel between the limestone outcrop just above the falls and 
hat exposed in the quarries about 600yds. to the west. Apart 
rom the discontinuity in the unconformity, and the rather peculiar 
harp bend in the river at this point, there is no other direct evidence 
f the existence of the buried valley. 

Viewed from geophysical requirements, the conditions here are 
ather favourable since there is a pronounced contrast between 
he low resistivity boulder clay and the limestone which, for practical 
urposes, could be regarded as an insulator in comparison. The 
avestigation involved both types of electrical measurements, 
e. measurements along a line with a fixed electrode separation, 
oupled with depth estimates using the expanding electrode system. 
1s the unconformity disappears just below the 750ft. contour and 
he highest point is a little over 900ft., the greatest anticipated 
hickness of drift is of the order of 150ft. The measurements 
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made with a constant electrode separation were carried out using 
/a spacing of 180ft. From theoretical considerations, a somewhat 
jarger separation would have been better, but the value was fixed 
by considerations of convenience in the field work with wires in 
lengths of 300ft., together with the desirability of making observations 
as near to the river as possible. The traverses along which the 
observations were made are shown on the map, on which they are 
marked at 90ft. intervals, the separation between the traverses being 
250ft. The marked points are the stations at which the apparent 
Tesistivity was determined, and they are numbered from the east. 
The results of the measurements are shown graphically on the 
left of Fig. 11, where a measure of the resistivity (aR, where a is in 
feet) is plotted at each station and the shape of the resistivity profile 
shown by the continuous curve. The resistivity, in ohm. cm., 
can be obtained by multiplying the vertical scale by 172, a figure 
which includes the conversion of feet to centimetres and a factor 
depending on the construction of the commutator employed. All 
these profiles are compatible with the idea of a buried valley, the 
measurements along the traverses 1 and 2 demonstrating the initial 
rapid fall in the resistivity from the west as the thickness of the 
clay increases, followed by a milder variation over the floor of the 
valley and a final rise as the limestone approaches the surface again. 
This rise to the east is not exhibited on traverses.3 and 4, and, 
because of the topography and the presence of the river, it was 
impossible to extend the observations further in this direction. 
Nevertheless, the greatest thickness of the drift has been crossed 
on traverse 3, but on traverse 4 this point may not have been 
teached. The general shape of the curve suggests that the end station 
is not far from the required point. The gradual decrease in the 
minimum resistivity from traverse 1 to traverse 3 is also consistent 
with the rapid rise of the ground surface over an approximately 
horizontal valley floor, giving an increase in the drift thickness. 
The greatest thickness of the drift does not necessarily correspond 
to the lowest point of the valley cross section, because of the 
changing surface levels, which are shown on each profile by the 
broken curves. It appears probable that the deepest point is at 
station 4 or to the east on the most northerly traverse. Over the 
two inner traverses the topography is reasonably flat and the 
minimum resistivity can be taken as the lowest point of the valley 
section, i.e. at station four-and-a-half approximately on traverse 3 
and at station 5 on traverse 2. The position on traverse | is not so 
obvious since there is a rapid fali of the surface level to the west 
jn the vicinity of the minimum resistivity at station 5. Using the 
depth, later determined at station 5, the depth variation 
corresponding to the resistivity change between stations 5 and 6 is 
less than the change in level, and it appears justified to put the 
lowest point of the valley near station 6. These points have been 
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joined by the broken line on the map and it will be seen that they: 
conform with a valley originating approximately at the sharp bend: 
in the river and joining the existing valley at the break in the uncon-. 
formity. 
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Qualitatively, the results are consistent with a buried valley, 
but at each station 5, corresponding approximately to the lowest 
point of the section on the various traverses, an expanding electrode 
system was employed in an attempt to determine the depth. This 
resulted in a quantitative test. The results are shown as resistivity 
curves on the right of Fig. 11. In all these the general tendency is 
for the apparent resistivity to increase with electrode separation, 
although at small electrode separations there are divergences from 
this, due, probably, to the variable moisture content of the surface 
layers. Ifa very high resistivity ratio is involved, and here this con- 
dition seems satisfied, then for large separations the curve tends to 
that of a simple two-layer curve corresponding to a surface layer 
of the correct thickness, but with a mean resistivity depending on 
the thickness and resistivity of the individual layers forming the 
composite overburden. The lower parts of the simple two-layer 
curves have been estimated, and are shown by the broken curves. 
For this particular case of a large resistivity ratio, it can be shown 
that the depth is given by the electrode separation corresponding 
to an apparent resistivity equal to one-and-a-half times the surface 
resistivity. The application of this rule to the present case leads 
to the drift thicknesses given in the accompanying table, column 2. 
No great accuracy can be claimed for these values for many reasons. 
The particular rule for the depth determination arises from a formula 
based on the assumptions of perfectly uniform resistivities through- 
out the media and, in particular, that the earth’s surface and the 
interface form parallel planes. This last condition is far from true 


TABLE TO SHOW DETERMINATION OF DRIFT THICKNESSES 
Elevation of 


Traverse Drift thickness Elevation of Surface Valley Floor 
No. (Ft.) Ft. O.D. Ft. O.D. 
1 82 825 743 
2) 100 850 750 
3 165 905 740 
4 150 915 765 


and, for the sections involved, the departure will lead to an under- 
estimate of the depth. Subtracting these values from the elevation 
of the station point above O.D. (estimated from the contours on 
the 6in. map) the approximate level of the valley floor is given in 
feet above O.D. in column 4. The values tend to be over-estimates 
of the elevation and it should be noted that they do not all refer 
to the lowest points. Nevertheless, they form a reasonably consistent 
set and the mean value of 750ft. agrees well with the level at which the 
unconformity is covered by the drift between the 725 and the 750ft. 
contours. It can be concluded, therefore, that the picture of the 
buried valley as revealed by this survey fits quantitatively as well as 


qualitatively. 
Proc. Geox. Assoc., VoL. 59, PART 3, 1948. 9 
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IV. CONCLUSION 


These two examples merely serve to illustrate the type of problem 
that can be examined by some of the geophysical methods, and 
there are innumerable other cases where geophysics and geology 
can co-operate to their mutual advantage. The time taken is of 
some importance. The resistivity work occupied three and a half 
days for a party of four, while the magnetometer survey was carried 
out by three students in five days of the following week. It should 
be noted that for two days the party was diverted from the main 
object of tracing the dyke in an effort to elucidate the peculiarities 
first observed. In general, geophysics is not a single-handed pro- 
position, but two co-operating can carry out such surveys as outlined 
above at a reasonable speed, but especially in resistivity work the 
speed is controlled by the surface conditions. 

In conclusion, my thanks are due to many geologists who have 
shown their interest in these field excursions, and particularly to 
Dr. G. Wilson, who suggested the two areas examined. The work 
would have been impossible but for the enthusiasm of Mr. B. 
Mostofi, Mr. E. I. Robertson and Mr. E. Zarudski, who, in 
occasionally adverse weather, made most of the field measurements. 
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THE STRUCTURE OF TILBURSTOW HILL, 
SURREY 


By the late F. GOSSLING, B.Sc., and A. J. BULL, Ph.D. 
[Received 27th November, 1947] 


Demonstrated in the field 24th April, 1948 


‘LILBURSTOW HILL is part of the Lower Greensand escarp- 

ment one mile south of Godstone Green in Surrey. The 
disturbed area discussed is a ridge in front of the south side of the 
hill, and is parallel with the main escarpment, with which it makes 
contact at its centre, where the Roman road crosses it from north 
to south. The present road is cut into the escarpment to a depth 
of 60 feet, and as it emerges on the south side of the hill it bends 
westward to avoid too steep a gradient. The original track no doubt 
took a straighter course. 

A detailed description of the road section was written by Fitton 
[5*]in 1827. At that time the section on the west side was probably 
fresh, and was certainly not cut back by digging for sand and chert 
as it is now. Fitton notes that whereas the beds to the north do 
not dip more than 10°, here they “ are suddenly thrown up to about 
_ 45°,” and he regards this as “‘ decisive evidence either as a sinking 
towards the Chalk, or of elevation in the opposite direction.” 
At the top of the stratified beds he noted a “ Fuller’s Earth,” 
6in. to 1ft., capping the chert and soft sandstone beds exactly as 
they are now to be seen in a small pit at the top of the cutting ; 
and also he noted the “‘ soft nearly uniform sand ”’ above and to the 
north of the stratified beds, which he states “‘ has the appearance of 
having slid or subsided upon ”’ the Fuller’s Earth. His description 
is important because he details beds which are now in disconnected 
and sometimes uncertain exposures. For instance, his “ soft 
nearly uniform sand” is now cut back and much overgrown ; 
it would be puzzling but for his description. 

Mantell in one of his works [8] speaks of Tilvester Hill with 
the chert’ bands of the Shanklin Sands showing a considerable fault 
or displacement, and he figures a section of the hill among his 
illustrations. 

Topley [10] makes but a passing reference to the Tilburstow 
Hill disturbance and notes that it is quite local. 

Tilburstow Hill was visited by the Association on 4th June, 
1877, but in the published account there is no mention of the 
disturbed beds. 

The steeply dipping beds were seen during an excursion in 1914, 
directed by Prof. A. H. Cox [3], and the disturbance was considered 


* For list of References see p. 139. 
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Fuller’s Earth 


Upper HyTHE CHERT BED 
Cherts 


Bed 5 
30 feet 
Sandstone bands with chalce- 
donic cement 
Sandstone with isotropic cement Bas 
Yellow sand with small pebbles 3 feet 
MippLeE HyTHE SAND 
Current bedded yellow sands Bed 3 
with silicified nodules chiefly in 76 feet 
lower part containing fossils. 
Lower HyYTHE “‘ STONE.” Bed 2 
Somewhat massive sandstone. S5afeet 
Lower HYTHE SAND. Bed 1 
Sand with glauconite and sponge 25 feet 


spicules. 


Fic. 12.—STRATIGRAPHICAL COLUMN OF THE HyTHE BEDS AT TILBURSTOW HILL. 


No continuous section is available, and this has been built up from a number 
of exposures. 
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to be due to a small strike fault, which it was suggested might be 
reversed. 
The question was again discussed on the ground in 1920 at an 
excursion of which Dr. L. D. Stamp was director [9]. The record 
indicates that several members regarded it as a case of slipping. 
Dr. Stamp agreed that the evidence, particularly the high inclination 
of the chert beds in towards the main escarpment, pointed strongly 
to slip-faulting, but preferred to consider the question an open one. 
In the Survey Memoir on Reigate and Dorking [4] the question 
is discussed as to whether this and other dislocations are due to 
slipping or faulting, and it is suggested that they are due to reversed 
faults, although little new evidence is given. In the plans Figs. 
3 and 4 of the Memoir faults are shown as producing all the 
disturbances in the neighbourhood of Tilburstow Hill and Bower 
Hill, the only area in the Weald in which a large number of outliers 
lie in front of the Lower Greensand scarp. 


The local sequence in the Hythe Beds 


It is impossible to discuss the structure of Tilburstow Hill 
without first establishing the local sequence of the Hythe Beds, 
of which it is entirely composed. The following succession has been 
built up from the scattered exposures on the main escarpment. 

The thickness is about 169 feet, Fig. 12. The local succession is 
a sand about 25 feet, Bed 1 ; Lower Hythe “‘ Stone ” 35 feet, Bed 2 ; 
Middle Hythe Sand 76 feet, Bed 3 ; a Pebble Bed 3 feet, Bed 4; 
and the Top Hythe Chert Bed 30 feet, Bed 5. Much of the dip- 
slope and the crest of the Hythe escarpment is formed by the 
cherts at the top of Bed 5, the steep face of the escarpment comprises 
Beds 5, 4 and 3, while the Lower “ Stone” outcrops at the foot 
and is marked by a line of old quarries. The Lower Sand, Bed 1, 
is not seen, but judged by auger samples it is a quartzose sand with 
grains up to 0.6 mm. diameter, abundant glauconite, and sponge 
spicules always present, usually in the form of chalcedony. 

The Lower Hythe “‘ Stone ” is a grey sandstone with a tendency 
to be massive. It has been extensively quarried for building, but 
the quarries are overgrown, and the best specimens now to be 
found have been brought up in the roots of fallen trees. It isa 
quartzose sandstone with abundant glauconite and sponge spicules 
which may be in chalcedony or more often are isotropic silica. 
There is occasionally a little calcite associated with foraminifera ; 
and grains of plagioclase and microcline felspars have been seen. 
Its outstanding characteristic is its matrix, which consists largely of 
yellow globules of isotropic silica, whose diameter does not depart 
much from 0.04 mm. These globules were figured by G. J. Hinde 
[7] when he was describing the sponge beds of the Lower and Upper 
Greensands. He was evidently puzzled as to their origin. 
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The Middle Hythe Sands, Bed 3, are well exposed in the adjacent 
Taylor’s Hill pit worked by Mr. Horace Fairall. This has several 
times been visited by the Association. They are yellow, current- 
bedded, glauconitic sands with much ironstone. Fossils preserved 
in silica have been obtained from some nodular silicified bands. 
Sponge spicules are present in these, but cannot always be found 
in the loose sands. Bed 4 is a yellow sand with small pebbles. 

The Top Hythe Chert Bed exhibits considerable variation of 
texture. The lowest 4 feet consists of a coarse sandstone with 
correspondingly large glauconite grains bound together with an 
isotropic silicious cement. The sand immediately below the stone 
is of the same character without the cement, neither appear to 
contain sponge spicules. This suggests that the isotropic silica 
had percolated down from the sponge beds and had cemented 
part of the sand. In the beds above this the isotropic silica has 
changed to chalcedony, and this mineral may be the chief con- 
stituent of the rock. The spicules show every gradation of change 
from an uncorroded spicule of isotropic opaline silica with its central 
canal filled with glauconite to one in which only the pattern of the 
chalcedony indicates that it was once a spicule. It is towards the 
top of this bed that there is a development of lenticular bands 
of brown chert. All the sandstones are porous, and the chief 
difference between them and the chert is that the pores of the latter 
are largely or completely filled with chalcedony. The top band 
immediately below Fitton’s Fuller’s Earth shows a return to the sand- 
stone cemented with isotropic silica. Mr. Gossling took the Fuller’s 
Earth to be the basal bed of the Sandgate Beds. 


The Disturbed Mass 


The Lower Greensand escarpment has not that continuity 
which characterises the Chalk immediately to the north. It is 
deeply cut by obsequent streams, it sometimes forms rounded 
hills, but much of it presents a well-defined escarpment facing 
south. This is the case at Tilburstow Hill, for the Hythe Beds of 
the Lower Greensand form a steep unbroken escarpment from the 
east end of the disturbed area to beyond its western termination. 

The disturbed mass is a strip about 1,000 yards long and of 
varying width up to 200 yards or more. The western part is 
readily divisible into two ; a strip of beds dipping steeply towards 
the escarpment, while south of this there is a spread of rubble 
containing chert and sandstone from Bed 5 and ironstone from Bed 
3inasandy matrix. It has been seen in road and temporary sections. 
The steeply dipping ridge is parallel to the escarpment and connected 
with it on the west side of the road cutting by a mass of sand 
described by Fitton [5] as “soft nearly uniform sand.” From 
this central connection there slopes down both east and west a vale 
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separating the ridge from the escarpment and draining south on to 
the Weald Clay. Both vales are sufficiently flat to be cultivated. 

The disturbed mass is clearly defined at its northern edge, and 
at three places along this the chert and sandstone bands of Bed 5 
can be seen dipping steeply to the north. The most westerly 
exposure is in the farm track, which cuts through Long Shaw, where 
the dips are from 45° in the chert to 68° at the base of Bed 5. This 
is the most nearly complete of the exposures. It shows the lowest 
band in contact with the pebbly Bed 4 and the current-bedded Middle 
Sands and also the topmost cherty bands with a foot of Fuller’s 
Earth above them. The second exposure on the west side of the 
road cutting is but a small piece of the section described by Fitton ; 
it shows the top of Bed 5 with cherts up to 6 inches thick and some 
of the Fuller’s Earth dipping at 38° north, Fig. 13. The sandstone 
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SAND 
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° 100 200 300 400 
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Fic. 13.—THE SECTION ON THE WEST SIDE OF THE ROAD AT TILBURSTOW HILL. 
This diagram is drawn without vertical exaggeration and indicates the little that 
can now be seen of the section described by Fitton. The chert bands can only 
be seen in a little pit at the top of the section, while the lower part of Bed 5 can 
be seen dipping at a higher angle, under this the Middle Hythe Sands are well 
exposed, but south of the farm track there is only rubble. The “ soft sand ”’ is 
much overgrown. At the base of the Lower Greensand escarpment the Lower 

Hythe Stone can be seen in a footpath. 


L.H.S., Lower Hythe Stone ; M.H.S., Middle Hythe Sand ; C.B., Chert Bands, 


band at the base of Bed 5 can be just discerned dipping at a greater 
angle. A dip of 23° has been measured in the cherts at the east end 
of the mass. The only other exposure, which shows the middle part 
of Bed 5 dipping at 40°, is in the middle of the ridge and immediately 
east of the house Brakey Hill. In the track through Long Shaw 
the sands of Beds 3 and 4 are well shown ; they have a variable dip 
to the north (30° has been measured) and contain much ironstone. 

The drive to Brakey Hill has been cut through the disturbed 
mass, and although now somewhat overgrown it shows how shattered 
is the ridge ; there are displaced blocks of stone below indications 
of stratification. When it was freshly cut it was examined by Mr. 
Gossling and Dr. Kirkaldy, and I understand that tear faults were 
then to be seen in it. There are few exposures in the eastern end 
of the ridge, but the farm track that cuts through a portion of it 
exposes the same sandy rubble as was seen south of Long Shaw. 
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The road section that was figured by the earlier workers was 
always that on the west side. The section on the east side does not 
correspond, which indicates that there is a north-south break at this 
point, and it was probably a depression caused by this break which 
determined the course of the original track across the hill. Doubt- 
less there are other transverse breaks, one is indicated in the northern 
edge of the eastern ridge and although much overgrown the two sides 
of the track through Long Shaw appear not to correspond. The 
northern edge of Long Shaw is remarkably straight. 

Nowhere in the area being surveyed is there an exposure of the 
Hythe Beds below the Lower Stone, or of the Atherfield Clay, or 
of the Weald Clay. 

It will have been noted that two opinions have been advanced 
to explain the visible features of the hill, simple slipping and reversed 
faulting. It was in 1944 that I learnt from Mr. Gossling that he 
had made many detailed observations on Tilburstow Hill and the 
smaller hills immediately to the west. It then appeared to me 
most desirable that this work should not be lost, but should be com- 
pleted, and the structure of the hill determined. The work was re- 
started, but unfortunately we lost Mr. Gossling in 1945. He had 
been out with me in the field only a few days before he died. 


Scheme of Augering 


The available exposures do not yield sufficient evidence to 
determine the structure with certainty. If the disturbed mass is a 
slip, then it must rest on a sole which is either undisturbed or but 
little disturbed ; and a series of bores put down through it should 
reach either Lower Hythe Sand, or Atherfield Clay, or Weald Clay 
in the normal positions of their outcrops. Mr. Gossling had used 
such a method in his work at Bower Hill a little to the west, in which 
he successfully demonstrated that two slips had occurred in the 
Hythe escarpment. Such a scheme was considered, but it presented 
serious difficulties owing to the thickness of the beds to be penetrated 
and the presence of ironstone. 

An alternative plan was to map the east and west approaches 
to the disturbed mass, and determine the junctions of the Hythe 
Beds, the Atherfield Clay, and the Weald Clay, so as to ascertain 
if these were normal or were affected by any faulting. This could 
only be done by augering, as there were no exposures. The plan 
was carried out. The work was slow because the soil and drift 
covering contained pieces of ironstone, chert and sandstone, and 
there were many tree roots which a hand auger could not penetrate. 
However, places were found where good samples could be secured, 
and the work was completed in this manner right up to the edge of 
the disturbed mass both east and west. The map, Fig. 14, shows 
the positions of 74 successful auger holes. No augering was 
possible on the south side, because the rubble full of pieces of 
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ironstone and other hard lumps spreads down the slope well ove: 
the Weald Clay. 
All the auger samples were examined microscopically. They 
were iron stained and required treatment with acid. The criteriz 
given by Mr. Gossling [6] for distinguishing between Weald Cla 
and Atherfield Clay have long been used by members of the Weald. 
Research Committee, and once again in this case were completely, 
successful. The presence of irregular composite flakes characterisec 
the Weald Clay, while the Atherfield Clay was a quartzose silt withl 
few grains exceeding 0.1 mm. (Plate 11). These clay residues wer 
sharply distinguished from those of the Lower Hythe Sand, in whick: 
the larger quartz grains exceed 0.5 mm. ; there is abundant glauconite.: 
and sponge spicules are always present (Plate 12). 


Results of Mapping 

The result of the mapping was decisive. As shown in the map: 
Fig. 14, at each end of the disturbed mass the lines of junction of 
the Hythe Beds and the Atherfield Clay and of the Atherfield Clay. 
and Weald Clay approach the disturbed mass and disappear under it: 
These outcrops are normal and entirely unaffected by any faulting: 
There is only one possible conclusion to be drawn from this : it is! 
that the disturbed mass is merely a slip. This explains the steer 
and variable dips towards the escarpment, the talus that spreads 
over the slopes to the south, and the broken nature of Bed 5 at Brakew 
Hill. At some comparatively recent time the top part of the them 
existing escarpment slipped down upon the lower slopes. No 
Lower Hythe Stone has been found in the slipped mass, so the 
plane of slipping was in the Middle Sands. 

There must have been many occasions during freeze and thaw 
conditions in the Pleistocene, when slipping could readily have: 
occurred. An earthquake may well have been the immediate cause: 
of a long slice coming down. The breaks and shattering are in 
accord with this view. 

Evidence is accumulating that there has been extensive slipping 
on the Lower Greensand escarpment of the Weald. The careful 
work of Mr. Gossling at Bower Hill to the west of Tilburstow 
demonstrated in detail a double slip [6]. Mr. E. E. S. Brown. 
has shown a slipped mass in the field [1] ; slips were noticed at a 
field meeting in the Pulborough district [2]; and Prof. S. W. 
Wooldridge indicated a complex one at the Whitsun Field Meeting 
in 1946 [11]. 

Summary and Conclusion 


_It is more than 100 years since the disturbed beds at Tilburstow 
Hill were recorded. During this century opinions have been divided 
between regarding it as a slip or as due to a reversed fault. 

By mapping on a scale of 25 inches to the mile by the use of 
the auger it has been shown to be a slip resting on undisturbed 


PLATE 11 


“ 


A.—WEALD CLAy, TILBURSTOW HILL 
The irregular composite flakes 
Ordinary light, «50 


B.—ATHERFIELD CLAY, TILBURSTOW HILL 
These are the larger grains of the quartzose silt 
Ordinary light, x50 


[To face p. 138. 
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REPORT OF FIELD MEETING AT TILBURSTO 
HILL, SURREY 


By A. J. Bull, Ph.D. 
Saturday, 24th April, 1948 


[Received 1st June, 1948] 


"THIRTY members and friends assembled on Godstone Greer 

and walked southward to Tilburstow Hill. Each membe 
of the party was provided with a map showing the result of a survey: 
on a scale of 25 inches to a mile. On the way up it was noted that 
from the bottom of the hill to the escarpment the surface was formec 
by the chert bands at the top of the Hythe Beds, which are wel 
shown in the deep cutting that runs half-way up the hill on the 
east side of the road. To the west of the road the Sandgate Beds 
come in gradually until the whole thickness is present ; for th 
pebbly sand at the base of the Folkestone Sand occurs as a smal 
outlier half a mile west of the road. The search for chert for road- 
making has resulted in the whole of this ground having been turne 
over, and in places the entire thickness of Sandgates has been moved. 
The line of hachuring on the north-west of Fig. 14, p. 137, 
indicates the limit to which the ground has been disturbed im: 
this search for so-called “ gravel.” 


The party walked to the crest of the escarpment, from which! 
there is a good view of the western part of the slipped mass. Re- 
turning through an old pit in Middle Sands the road was regained, 
and specimens of Lower Hythe Stone were obtained from the roots: 
of an upturned tree. 


The section on the west side of the road cutting is now muchi 
overgrown and obscured, but diagrams were drawn explaining the: 
structure ; and then in the track through Long Shaw the steeply- 
dipping beds of Middle Hythe Sand, Pebble Bed, and Upper Stone: 
with chert were all seen. 


By the kind permission of Col. R. S. McClintock, D.S.O., some 
exposures in the grounds of Brakey Hill were seen by the party. 

The track along the eastern part of the slip was then taken, 
and from a suitable viewpoint the whole scheme of augering and 
its results were discussed. The President moved a vote of thanks 
to the Director, and a walk over the wooded escarpment brought the 
party to tea at the White Cottage exactly to time. 
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MELD MEETING AT WEYMOUTH, DORSET 
Saturday, 13th September, to Friday, 19th September, 1947 


Report by the Director: P. C. Sylvester-Bradley. 
[Received 28th January, 1948] 


[HE object of the meeting, whose headquarters were at the Riviera 
Hotel, Bowleaze Cove, was to study the Jurassic stratigraphy 
nd the tectonics of the Weymouth and Bridport district. Thirty- 
ve members and friends attended on one or more days, the average 
eing 22. 
Saturday, 13th September 
REDCLIFF AND JORDAN CLIFF, BOWLEAZE COVE 


In the afternoon a party walked along the foreshore from 
jowleaze Cove to Redcliff Point. The shore is strewn with large 
locks of Preston Grit, and with doggers from the Bencliff Grit 
bove. Many fossils, including several ammonites, were chiselled 
ut of the former, and the striking U-shaped worm tubes displayed 
1 the latter excited comment. 

The party returned by way of the clifftop. After tea, the Oxford 
lay of Jordan Cliff was searched for fossils and yielded numerous 
irge Gryphaea dilatata, many crushed ammonites and a variety of 
mmellibranchs, including Cercomya. The Serpula Bed noted 
y Damon (1884, p. 29*) made a conspicuous band at the foot of the 
iff. 

; Sunday, 14th September; 
NFERIOR OOLITE OF BURTON BRADSTOCK— 
BEAMINSTER DISTRICT 


The party travelled by coach to Bothenhampton, near Bridport, 
here Brigadier G. Bomford exhibited fossils he had collected 
om localities to be visited later in the day. His remarkable 
yllection was greatly admired. From Bothenhampton the coach 
mnveyed the party to Burton Bradstock, where the lane-side section 
F Cliff Hill was explained by the Director, and many ammonites 
id other fossils were collected. Owing to an unfortunately late 
art there was insufficient time to collect from the fallen blocks 
n the shore, as had been intended.’ 

After lunch the coach moved on via Shipton Gorge to Stoney 
ead quarry. Here some piles of ammonites had been made by 
ie quarrymen, mostly Parkinsonia spp. from the Top Beds, but 


* For list of References, see p. 147. 


+ It had originally been planned to visit Worbarrow land Kimeridge on 
is day, but as minefields still remained uncleared at both these places, the 
lowing programme was substituted. 
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also some leioceratids from the base of the Red Bed. The part: 
then proceeded to the quarries at Loder’s Cross, where the zigza 
bed, the obliqua bed and the base of the Red Bed were all found t 
be gratifyingly fossiliferous. The coach continued northward: 
by bye-roads to Coombe Quarry, Mapperton, where interes: 
centred on the discites bed. The final quarry of the day was th 
famous Horn Park Quarry, between Beaminster and Broadwindsor 
where abundant ammonites were obtained from the so-called Buildin 
Stones of the murchisonae zone. A vote of thanks was returned tc 
Brigadier Bomford for his helpful demonstrations both at his hom 
and in the quarries. 


Monday, 15th September 
HOLWORTH, RINGSTEAD AND OSMINGTON MILLS 


The coach dropped the party at the top of Spring Bottom Hill. 
where the Director explained the structural features of the view: 
The hill is capped by a narrow spur of chalk, which follows the axis 
of the Spring Bottom syncline. This syncline does not conform t 
the folding of the Jurassic rocks beneath. To the north the chal 
has been denuded from a broad anticline which covered uncon- 
formably the more tightly packed Upton syncline and Poxwell peri-. 
cline. To the south the Kimeridge Clay and Corallian Beds arey 
involved in the easternmost extension of the Weymouth anticline.: 
whose gently dipping southern limb can be seen on the skyline in the: 
strike section of Portland. 

The party walked along the turf of the down to Holworth, where: 
sections of Lower Purbeck, Portland Stone and Portland Sand: 
were examined. A good section of Kimeridge Clay exposed below, 
the quarry was too dry to yield many of its fossils. A scramble: 
through the brambles of the land-slipped undercliff led back to the: 
path, whence an excellent view of the White Nothe unconformity: 
was seen. The party then descended to the beach and walked along: 
the shingle to Ringstead, where the ebbing tide exposed the rocks of" 
Ringstead Ledges. The low cliffs of Ringstead yielded abundant: 
fossils from the Coral Bed and the clays above. 

Proceeding along the shore to Bran Point, the reefs in the 
Trigonia clayellata beds were examined, and the detailed section 
of the Osmington Oolite worked out. The Bran Point fault could 
be followed clearly with the aid of Arkell’s 25in. map, copies of 
which had been distributed (Arkell, 1936, Fig. 1). 

The succeeding beds of the Corallian sequence were passed over 
on the way along the rock-strewn shore to Osmington Mills, where 
some members continued a little to the westwards to examine the 
well-known structures displayed on the foreshore at low tide. The 
party re-assembled at the Picnic Inn. Some then returned to Bow- 
leaze Cove by bus ; the rest walked back along the cliff path. 
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Tuesday, 16th September 
ISLE OF PORTLAND 


By the courtesy of Mr. W. J. Sansom, of the Bath and Portland 
stone Firms Ltd., the party was shown first round the Masons’ 
(ard—the largest of its kind in the world—and then around the 
Fossil Garden,” decorated with petrified trees from the Purbeck 
3eds, fossil “‘ birds’ nests’? (Cycadeoidea), Portland roach, and, on 
very side, huge ammonites (Jitanites) known to the quarrymen 
S fossil eels. From here the guide conducted the party round two 
ff the quarries, demonstrating both the succession and the methods 
f working. After lunch at Portland Bill, the Raised Beach and its 
ssociated deposits were examined. 

In the neighbourhood of the Bill the methods of strip-cultivation _ 
vere pointed out by the Director. An interesting point about this 
ystem as developed in Portland, recently demonstrated by Lt.-Col. 
». D. Drew, is the presence of turf balks between the “ lands ” 
f the field. Orwin (1938) has denied the existence of such balks 
n typical “open fields.” Strip-cultivation was probably not 
ypical in Portland, on account of the custom of ‘‘ Gavelkind ” 
equal inheritance) which for a long time prevailed on the Island, 
nd which suggests points of comparison with the strip fields of 
‘france. In Portland, the “lands.” (strips) are termed “‘ lawns ”’ 
nd the turf “ balks’ are “lawn-sheds.”” This survival of feudal 
ingland is typical of the conservative habits of the Portlanders, 
vho still refer to the rest of the world as ‘‘ Kimberlins,”’ in the 
ame way that the Jews talk of Gentiles, or the Romans referred 
o barbarians. 

On the way back from the Bill, the coach stopped above Fortunes- 
yell, and the party dismounted to see the magnificent view of the 
‘hesil Beach and the Weymouth peninsula. The coach stopped 
gain at Chesilton, and some of the party scrambled up Chesil Beach 
© examine its character at this, its most southerly point. 


CHICKERELL 


The coach then took the party to Messrs. Webb, Major and 
‘o.’s brickpits at Crook Hill, Chickerell. Many crushed Kosmoceras 
pp. and Meleagrinella were obtained, and a few mudstone casts of 
he body. chambers of Peltoceras and other ammonites. “ Turtle 
tones” (septarian concretions) and selenite crystals littered the 
oor of the pit. 

LANGTON HERRING 


The party left the coach at Langton Herring and walked to 
lerbury, where countless shells of Goniorhynchia boueti and its 
ssociates washed out of the Boueti Bed lie on the shores of the 
leet. Ostrea hebridica and its variety elongata were collected from 
1e lumachelle on the way to the coastguard station, where the 
arty rejoined the coach for the return journey to Bowleaze. 
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Wednesday, 17th September 
LULWORTH DISTRICT 


The party journeyed by coach to Weymouth pier and embark 
in a boat, the cliff sections being admirably visible (see Fig. 15)) 
The party landed by dinghy in Mupe Bay, where the graduai 
transition between Purbeck and Wealden was pointed out. Afte 
lunch, eaten on the ledges of Purbeck Marble and Unio Beds that 
form the inner part of Mupe Reefs, the Purbeck Beds of Bacon 
Hole were explored. Special attention was paid to the fine section 
of Broken Beds, and Forbes’ “ Pecten Seam” was quickly locatec 
some nine feet above the Cinder Bed. 

The uppermost Purbeck, with thin limestones crowded with! 
Cypridea adjuncta, was examined on the walk round to the Fossi: 
Forest. The sections of Broken Beds shown at the Fossil Fores 
and Lulworth Cove were compared with those seen at Bacon Hole 


HOLWoRTH NOTHE : 


Fic. 15.—C.irF SECTION BETWEEN HOLWORTH AND Bat’s HEAD, showing the 
intra-Cretaceous unconformity and the foresyncline of the Purbeck Fold: 
Vertical scale exaggerated. After Strahan and Arkell, with modifications: 


The peculiar fault in the chalk of Lulworth Cove gave rise to some 
speculation. After tea Stair Hole was visited, and the party then 
re-embarked and sailed past Dungy Head and Durdle Door to 
Durdle Cove, where most members disembarked to visit the fine 
sections of Upper Greensand and Lower to Middle Chalk there 
exposed. The journey back to Weymouth harbour was accomplished 
without event. Thus ended a day spent along a coast-line com- 
bining unsurpassed scenic beauty with the almost startling clarity 
of serial sections cut by the sea through the Purbeck Fold. 


Thursday, 18th September 
WATTON CLIFF, EYPE AND SEATOWN 


The coach proceeded by the coastal road via Abbotsbury and 
Burton Bradstock to Eype Mouth. After spending some time at 
Watton Cliff collecting from the Wattonensis Beds of the Fuller’s 
Earth, from the Forest Marble, and from an Ostrea lumachelle, 
there caught up in the fault, the party walked along the shore beneath 
Thorncombe Beacon, Doghouse Hill and Down Cliff, collecting 
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from the many fallen blocks of Middle and Upper Lias. Greatest 
interest was aroused by the Starfish Bed, which displayed many 
of its famous brittle-stars. The Junction Bed was full of worn 
‘ammonites. Blocks of the Margaritatus Bed were not always 
easily identified. 


ST. GABRIEL’S TO CHARMOUTH 


Lunch was eaten in the little inn at Seatown. The coach then 
took the party through Chideock to the cross-lanes near St. Gabriel’s 
Farm, on the west side of Golden Cap. 

Dr. W. D. Lang met the party at St. Gabriel’s Mouth and 
conducted them over the sections of Lower Lias to Charmouth. 
Ammonites and belemnites indicative of the several zones displayed 
by the Green Ammonite Beds, the Belemnite Marls and the Black 
Marls were collected en route, and the remarkably fine exposure at 
present displayed by the cliffs of the Ridge Faults was pointed out. 

At Charmouth the contorted shales in the valley were compared 
to those seen earlier in the day at Eype Mouth and Seatown. These 
contortions at Charmouth and Seatown have been attributed to 
“valley bulge’ (Hollingworth, Taylor and Kellaway, 1944, pp. 
30, 42, and Lang, in discussion of the same, pp. 38-40). Their 
occurrence at Eype Mouth gives additional evidence for regarding 
their origin as superficial. 


Friday, 19th September 
ABBOTSBURY 


The coach took the party via Langton Herring and Rodden to 
the hill above New Barn, and some members walked in torrential 
rain to Shipmoor Point and collected typical brachiopods of the 
Upper and Lower Cornbrash, together with Pholadomya and 
Meleagrinella echinata. 

Proceeding by coach to Abbotsbury, members visited the 
sections of Kimeridgian Iron Ore at Red Lane and collected fossils. 

The bus then went up Wears Hill on the Swyre road to the 
turning to Bexington Farm, where a very fossiliferous brachiopod 
bed in the Forest Marble yielded as yet undescribed species. 

The effects of the Abbotsbury fault were demonstrated, the 
Abbotsbury Iron Ore being brought into juxtaposition with Forest 
Marble. 

UPWEY AND BINCOMBE 


From Abbotsbury the coach travelled through Portesham and 
Friar Waddon to Upwey Wishing Well. The tectonics displayed 
in quarries in Purbeck Beds and Chalk on each side of the Ridgeway 
Fault were examined, and then the coach moved to Bincombe Rail- 
way Cutting between the two tunnels, where the famous Oxford Clay 
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THE POSWELL PERICLINE. 


Vertical aerial photograph (Air Ministry photograph. 


[To face p. 146. 
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“4 dyke ” was visited, and fragments of Gryphaea dilatata collected. 
The adjacent Purbeck Beds were noted, the Cinder Bed being quickly 
recognised. 


CHALBURY TO SUTTON POYNTZ 


The party left the coach at Chalbury Quarries to examine the 
Purbeck and Portland Beds ; giant ammonites were seen in situ in 
the Cherty Series of the Portlandian. Walking towards Greenhill 
Barton, members then saw that the tufas near the base of the 
Purbeckian form a scar, below which the scar of the Exogyra Bed 
in the Portland Sands was picked up. This bed proved useful in 
working out the tectonics of the highly complicated zone bordering 
the fault line at Greenhill Barton. 


Towards Sutton Poyntz more placid geology was revealed by the 
copious spring which feeds the Weymouth Waterworks. The water- 
bearing stratum was first mapped as Greensand over Kimeridge. 
The Director pointed out the stream section discovered by officers 
of the D’Arcy Exploration Co., which showed, by the presence of 
Cornbrash and Forest Marble in situ, that the clay beneath the green- 
sand was Oxford Clay. : 


POXWELL 


From Sutton Poyntz the coach took the party to the road cutting 
at Poxwell, where Middle Purbeck is still well displayed, and the 
freshwater gastropods below the Cinder Bed excited much interest. 
The quarry showing the junction of Portland and Purbeck near 
-Poxwell Lodge was visited, and also a quarry in the Cypris Free- 
stones on the other side of the road. 


Poxwell is perhaps the finest small scale example of a dissected 
pericline in the country. (See Plate 13 and Fig. 16.) 

In the evening votes of thanks were accorded to the Director, 
Mr. R. V. Melville, Mr. E. C. Martin, Brigadier G. Bomford 
and Dr. W. D. Lang for their services to the meeting on Sunday 
and Thursday respectively, and to Miss P. S. Walder,who, although 
unfortunately unable to get to the meeting, had acted as secretary 
at great inconvenience to herself. 


REFERENCES 


ARKELL, W. J. 1936. The Corallian Beds of Dorset. Proc. Dorset Nat. 
Hist. and Arch. Soc., vol. lvii. 

Damon, R. 1884. Geology of Weymouth and Portland. Second edition. 

Ho.itNcworty, S. E., TAytor, J. H., and Kettaway, G. A. 1944. Large- 
scale Superficial Structures in the Northampton Ironstone Field. 
Quart. Journ. Geol. Soc., vol. c. 

Orwin, C. S. 1938. The Open Fields. 


148 G. BOMFORD 


APPENDIX 


NEW SECTIONS IN THE INFERIOR OOLITE 


By G. BOMFORD 


SMALL Pir N.E. oF LopDER’s Cross (30/505929) 


P. parkinsoni zone 
S. truellei subzone (?) 
6. Flaggy limestone, passing up into subsoil. Procerites? sp. 
“© Terebratula”’ sphaeroidalis ae oS Seen to about 
G. garantiana subzone 
OBLIQUA BED 
5b. Oolitic limestone. Parkinsonia sp., Prorsisphinctes miseres 
(large and common), Leptosphinctes subdivisus, Garantiana 
garantiana, Oppelia subradiata, O. pleurifera, Lissoceras sp., 
Sphaeroceras sp., belemnites, Amphitrochilia duplicata, Pictavia 
bajocensis, Pleurotomaria palaemon, P. bessina, Astarte 
obliqua, Trigonia costata, T.sp., Goniothyris phillipsi, “‘ Tere- 
bratula’”’ decipiens ?, *“* Rhynchonella”’ sp. ay ae 
5a. Shell conglomerate. Prorsisphinctes miseres, Garantiana 
garantiana (common), G. aff. althoffi?, Oppelia pulchra 
Stephanoceras sp., Poecilimorphus sp., Spiroceras toxoconicum, 
S. wattoni, Pictavia bajocensis, Pleurotomaria palaemon, 
Ataphrus sp., ‘‘ Cerithium” sp., Pseudomelania sp., Astarte 
obliqua, A. sp., Cucullaea cf. oblonga, Nucula sp., Entolium sp., 
Goniomya literata, Coelopis  lunulata, ‘‘ Terebratula” 
decipiens, Ptychothyris stephani, Pygorhytis ringens... 
Planed surface 
S. humphriesianum zone 
4. Teloceras found in a soft matrix in a hollow in the top of 
Bed 3b ; im it si a PAE ae, 
S. sowerbyi (and O. sauzei ?) zone 
RED BED 
3b, Limestone with small red ooliths. Few fossils 
3a. Limestone with large red ooliths and numerous “ snuff- 
boxes,” passing down into conglomerate. Hyperlioceras 
Sp., Graphoceras ? ? ee Emarginula ? sp. attached to bed below, 
" Rhynchonella # e e. es ae, 
Planed surface: 
L. opalinum zone 


2. BLUE BED. Blue grey limestone. Bredya crassornata, 
B ? sp., Ancolioceras sp., Lima hersilia, Ceratomya bajociana 
1. Sandy grey limestone. Leioceras sp. (? Cypholioceras) seen to 


COOMBE QUARRY, NEAR MAPPERTON (30/496996) 
P. parkinsoni zone 

6. Oolitic limestone, weathering flaggy, seen to about 

5. Crinoidal limestone a 

4, Whitish limestone, much veined with calcite Parkinsonia 
schloenbachi, P. parkinsoni, Stephanoceras sp., Pictavia bajo- 
censis, Lima sp., sect costata, Pinna SP» 3 7, erebratula”’ 
sphaeroidalis *s = 


Planed kaniabes 


ft. 
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S. sowerbyi zone 


3. Red Bed. Limestone full of large red ooliths. Deltotoceras, 
Hyperlioceras sp., Sonninia sp., “ Cerithium” abbas ?, 
Coelastarte excavata, Gresslya sp. ... wae lin. to 

Planed surface 
L. murchisonae zone 

2. Shell conglomerate. Red ooliths. Ancolioceras — sp., 
? Brasilia sp., Pseudomelania bicarinata, Pleurotomaria 
actinomphala, P. elongata*, Gresslya sp., Pleuromya uniformis, 
Pholadomya fidicula*, ‘‘ Terebratula” perovalis, ‘‘ Rhyn- 
chonella” subangulata, “* Rhynchonella” sp., Montlivaltia 
delabechei ... Sais bs a oe ia 0 to 


L. opalinum zone 


1. Grey limestone with scattered yellow ooliths. Leioceras 
spp., Lytoceras sp., Tmetoceras scissum, Lima hersilia seen to 


* Possibly from Bed 3. 


QUARRY NEAR Horn Park (31/456020) 
P. parkinsoni zone 
7. Top Beds. Flaggy and rubbly limestone passing up into 
subsoil. Lissoceras sp., Stephanoceras spp., Parkinsonia aff. 
schloenbachi sp., P. parkinsonit, Ataphrus laevigatus, Amphi- 
trochilia duplicata, Cucullaea sp., Modiolus sp., Ctenostreon 
pectiniformis, Coelopis lunulata}, Aulacothyris carinata, 
“* Terebratula”’ sphaeroidalis, ‘‘T.” eudesi, Ptychothyris 
stephani, Sphenorhynchia cf. aviformis, Acanthorhynchia 
panacanthina, Acanthothyris spinosa, Pentacrinus, _Cidaris 
bouchardii, Pygorhytis ringens, Holectypus hemisphericust, 
Trochocyathus magnevillianus ?... a rags ... Seen 


? S. sowerbyi or O. sauzei zone 
6. Red Bed. Unfossiliferous limestone in two beds. Belem- 
nopsis sp., Lamelliphorus ornatissimus, ‘“‘ Rhynchonella’”’ sp., 
Cronoid ossicles ... ; ie Be ae oe ae 
5. Clay parting 


L. murchisonae zone 

G. concava and B. bradfordensis subzones 

4, Limestone with numerous brown ooliths. Graphoceras spp. 
abundant in the upper part, Brasilia spp. in the lower 
Lytoceras sp., Tmetoceras sp. juv. aff. scissum 8., Brasilia 
sublineata S., B. ambigua S., B. cf. baylei, B. similis S., B. 
gigantea} S., Graphoceras aff. cavatum §., G. aff. pulchra S., 
G. stigmosum §S., G. v-scriptum S., G. aff. concavum* §., 
G. rudis S., G. (Platygraphoceras) sp. juv., S., Erycites abbas 
S., Sonninia (Parammatoceras) sp. juv., S., S. (Fissilobiceras) 
sp. juv. S., Sonninia spp., Belemnopsis blainvillei}, Amberleya 
ornata, Procerithium undulatum, Pseudomelania bicarinata, 
Littorina dorsetensis}, Discohelix altus}, Ataphrus laevigatus, 
Pleurotomaria actinomphala, P. baugieri, P. elongata, P. 
yeovilensis, Amphitrochilia winwoodi{, Grammatodon sp., 
Cucullaea sp.*, Myoconcha crassa, Trigonia bella?, T. 
costatat, T. striata*, Entolium sp., Ctenostreon pectiniformis™, 
Ostrea sp., Astarte sp.*, Coelastarte excavatat, Trigonastarte 
trigonalist, Cardium sp., Nucula? sp., Gresslya peregrina*, 
Pleuromya uniformis*, Pseudoglossothyris ampla, “ Tere- 
bratula”’ eudesi, “‘ Rhynchonella”’ subangulata, Cymatorhyn- 
chia sp. nov. 

* Abundant. + Common. 
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B. bradfordensis and L. murchisonae s.s. subzones ft. ins. 
3. Grey limestone ; ammonites with their chambers generally 
infilled with sar ace? calcite. Tmetoceras sp. juv. aff. 
scissum S. 2 8 
Ludwigia obtusa* S., ite ‘aff. brasili S., LE: obtusiformis 5, L. 
(Welschia) sp., Brasilia bradfordensis S., B. bayleit: S., 
Planammatoceras planiforme S., Pseudomelania bicarinata, 
Trochus sp., Craterospongia concentrica.* 


L. murchisonae s.s. and Ancolioceras spp. subzones 

2. Yellowish limestone with irregular ochreous patches. Ammo- 
nites usually preserved as casts with rotted centres ... 2 
Lytoceras (Pachylytoceras) aaleniayum* §., L. (P.) torulosumt 
S., Ancolioceras substriatum* S., A. costatum* S., Ludwigia 
obtusa S., L. aff. brasili* S., Ludwigia sp. nov. S., Brasilia sp. 
S., B. (‘ Manselia ’’) cf. subacuta S., ‘‘ Hammatoceras”’ sp. 
S., Nautilus} sp., Megateuthis giganteus, Pseudomelania sp., 
Natica sp. ?, Cucullaea sp., Modiolus plicatus, Myoconcha 
crassa*, Trigonia striata, Entolium cf. demissum*, Chlamys 
sp. ?, Velata tuberculosa, Lima bradfordensis, L. aff. placida, 
L. hersilia*, Ctenostreon pectiniformis, Ostrea sp., Lopha sp., 
Pteroperna sp., Pinna sp., Astarte sp., Trigonastarte trigonalist, 
Pseudisocardia cordata, Ceratomya bajociana}, Gresslya 
peregrina*, Pleuromya uniformis*, Pholadomya _fidicula*, 
“ Terebratula”’ peroyalist, Lophrothyris etheridgii, Cincta 
anglica, Acanthorhynchia panacanthina, ‘* Rhynchonella”’ 
spp., Discina sp., Palaeopagurus, Apiocrinus, Galeropygus 
agariciformis, Montlivaltia delabechei*. 


? L. opalinum zone 
1. Hard crystalline limestone. Many lamellibranchs and some 
ammonites (Leioceras), but this ‘bed has not long been in 
work, and has not yet been collected ot Seen to 1 “@ 


* Abundant. + Common. 


Identifications by Dr. L. F. Spath ked “S.” A c 
identification oF others: Dp: are marke 8S.” Mr. R. V. Melville has helped with the 
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‘THE DEGLACIATION OF SCOTLAND AND THE 
FORMING OF MAN’S ENVIRONMENT 


By A. D. LACAILLE, F.S.A. 


[Received 16th September, 1946] 
[Read 3rd January, 1947] 


J. THE MELTING oF THE New Drist Ice ... Ake eS ie bere 
TI. THe Late-GLaciaL SEA eae oe ne Re on i F456 
III. THe RETREAT OF THE ICE IN THE BALTIC REGION as axe 160 
IV. GEOCHRONOLOGY a5 Re “pe ae cae avs <n 161 
V. THE BALTIC WATER BODIES ee a Had Ap FS 162 
VI. THE EMERGENCE OF THE SEA-FLOORS cee ae oe LS 
VII. THE EARLY Post-GLACIAL SEA a hae + ie moe INS 
VIII. THE Earty Post-GLAcIAL RAISED BEACH OF SCOTLAND Be 165 
IX. CORRELATIONS ... oe ee aR -: ee ai Ee 68 
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I. THE MELTING OF THE NEW DRIFT ICE 
(a) Introduction 


SCOTLAND was opened to human settlement by the melting 

of the New Drift ice. The retreat continued beyond the bounds 
of any known interglacial period. But just as the Pleistocene 
glaciation of the British Isles had been irregular, so was the de- 
glaciation. Pauses and even powerful readvances broke up the 
recession into periods of retreat before the third and final melting, 
and changes took place in the relations between the land and sea. 
Thus, the process resembled earlier passages from cold to congenial 
conditions. 


(b) The First Period of Retreat 


The first period of retreat marked the beginning of the Late- 
Glacial history of Scotland, which formed part of that of the 
general liberation of the ice-shrouded regions of Europe. It 
witnessed the recession of the Scandinavian ice-sheets from their 
offshore position along the British east coast. Elsewhere, on land 
and in the sea, the ice wasted back from the whole line of the New 
Drift (Fig. 17, a), in Britain into the mountains of Wales and as far 
as the borders of the Scottish Midland Valley, in Ireland into the 
central, western and southern hills. The Shetlands, much of the 
Orkneys and Hebrides, stretches along the Scottish east coast, the 
lower Tweed valley and most of the territory south thereof were 
freed. 

From now on the movements of the Scottish ice are our main 
consideration. Suffice it to say as regards the British Isles that the 
withdrawal in Ireland paralleled that in Scotland and is better 
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known. As yet the sequence has not been fully established for 
Wales. This country of high mountains and the English Lake 
District may have been affected by the major oscillations which 
operated upon the Irish ice-centres lying in the same latitudes. 


(c) The Scottish Readvance 


A requickening of the ice in the higher parts of the Orkneys and 
Hebrides, in the Highlands and Southern Uplands initiated the 
movements known as the Scottish Readvance. It brought the first 
period of retreat to a close. The Highland contribution pre- 
dominated and the ice flowed mainly west to east. At its peak it filled 
the Moray Firth and, unaffected this time by offshore currents, 
stretched to an unknown line in the sea east of Buchan and returned 
to the mainland in Berwickshire. It merged in central Scotland 
with Southern Uplands ice-sheets, the while confluent moving glaciers 
covered the western seaboard. Among these the great Firth of 
Clyde stream was so reinvigorated that its main flow came ashore 
in Down, Antrim and Donegal, and thence pushed north-westward 
into the Atlantic Ocean. It did not, however, come into contact 
with the Irish ice which waxed independently. Among the most 
important Irish movements of the time was the Carlingford 
Readvance [1*, 89]. A branch swept through the North Channel, 
coalesced with ice fed from the Southern Uplands and swung across 
the Irish sea. 

On land the great North-East Ireland—Isle of Man—Cumberland 
Moraines register the limits of the readvance. East of Carlisle 
these are uncertain, but moraines north and south of the lower 
Tweed may be referable to this complex [2, p. 49]. 


(d) The Second Period of Retreat 


The Scottish ice eventually withdrew from the north of England, 
shrank from the shores of Northern Ireland and melted out into the 
coastal seas. All but the highest grounds in the Orkneys and 
Hebrides were deglaciated. Meanwhile, sea-level was rising round 
Scotland. 


(ce) The Last Readvances of the Scottish Ice 


Renewed glacial intensity and oscillations along the ice-fronts 
interrupted the retreat, initiating movements which involved the 
mainland almost as extensively as the Scottish Readvance. Confluent 
Highland glaciers again filled the Midland Valley. The Southern 
Uplands once more supported an ice-sheet and their glaciers flowed 
north and south down the main valleys, in the upper reaches of 
Tweed and its Cheviot tributaries. The ice extended into the 
Solway, bulged over Carrick and the Rhinns, fanned out into the 


* For list of References see p. 170. 
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sea, and just broached the coast of Antrim [3, pp. 186, 191]. That 
it could spread so far is explained by the southerly extent of the 
western mountains, where the greatest precipitation lay in Late- 
Glacial times [2, p. 47]. On land the Lammermuir-Stranraer 
Moraine denotes the edge of the ice at the peak of these readvances. 
The absence of this moraine between eastern Ayrshire and the 
coast in the south-west indicates that at this time the Highland ice 
was confluent with glaciers nourished in the western Southern 
Uplands [1, p. 50]. 

The various movements were probably contemporaneous, but 
not their maxima. Among them, the Perth Readvance, which 
involved the valley of the Teith, Strathallan and Strathearn, was a 
constituent of the concomitant and long-persisting District, Valley 
or Moraine Glaciation. It has to be singled out for its association 
with the marine invasion of the lower reaches of the Tay [4, pp. 
633-41]. In the east of Scotland, however, the readvancing ice 
did not everywhere gain the sea. It was otherwise in the north- 
west and west, where the snowfall (like the present rainfall) was 
greatest the glaciers were largest, and came down to the lowest level. 
Especially noteworthy are the deposits which make plain the 
connection of these Highland ice-streams with the sea of the time. 


(f) The Final Retreat of the Ice 


With the subsequent withdrawal of the ice from the line of the 
Lammermuir-Stranraer Moraine, Scotland entered into the last 
and protracted phase of deglaciation. Gradually the ice melted 
out of the North Channel, coastal seas and Midland Valley. The 
Southern Uplands, the Lammermuir and Pentland Hills were 
cleared by stages, one being well marked by the Pentland-Maybole 
Moraine and its equivalents. Their ice-sheet was reduced to corrie 
glaciers and the whole valley of Tweed laid open. North of the 
Firth of Forth the lesser ranges of hills were bared. Finally, the 
Highland ice split into two great glaciers occupying the valleys of the 
Clyde and Forth. It then receded stepwise up the glens towards 
the snowfields. 

The sequence is difficult to establish, particularly along the High- 
land border, where the ice nourished in the great mountain masses 
was slow to loosen its hold. Not only so, but on many islands 
and the mainland in the west ice lay long over areas down to 1,250ft. 
above sea-level. Indeed, it has been claimed that the snowfields 
gave birth later to small glaciers, whose moraines indicate a snow- 
line at 2,500ft. [5, pp. 252-4] and again at about 3,500ft. [5, pp. 
253-4]. . Howbeit, the visible legacies of the ice show how recently 
Scotland emerged from arctic conditions. In the present stage of 
knowledge, therefore, only for southern and central Scotland 
can a map (Fig. 17, b) be shown of the principal stages of retreat 
from the limits of the Scottish Readvance. 
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(g) Retreat Deposits 


During the first period of withdrawal from the limits of the 
New Drift, sands, gravels and lacustrine sediments were laid down 
in the English North Country. Plant remains in peat between these 
deposits and the boulder clay of the Scottish Readvance indicate 
: that the retreat endured long enough for a cool temperate flora to 
' grow in the low grounds at least as far north as Cumberland [6, 
pp. 244-5]. In south-east Yorkshire the equivalent plant-containing 
peat overlying New Drift deposits is capped by arctic beds formed 
| under the influence of the Scottish Readvance [7, p. 239]. 
During the later stages of the retreat of the ice from the glaciated 
areas of the British Isles the climate moderated in those parts of 
England which had been freed earlier. Of course, there were set- 
backs in response to the interruptions which broke the continuity 
‘of the recession in the mountainous areas. 

As the retreat was resumed after the Scottish Readvance, the 
conditions in Scotland reproduced on a much greater scale those 
which attended the early phases of the thaw in the less heavily 
shrouded regions. The second period of retreat, during which the 
Midland Valley was freed, was marked by the impounding of 
heavily charged melt-waters between the flanks of hills and dead 
ice in lowland areas. The streams which poured from the glacial 
lakes so formed, often after bursting through the dams of packed 
ice and heaped sediments, carved through hindering deposits. Dry 
valleys, well-defined marginal channels and terraces at successively 
lower levels, corresponding to stages in the retreat, mark the tracks 
and proclaim the erosive power of the torrents [8, p. 84]. Among 
the sands and gravels laid down in the glacial lakes, those near 
Cadder, Dumbartonshire, are famous from their having yielded a 
bone of rhinoceros [9], derived from an earlier deposit, as was 
the molar tooth of mammoth found in similar conditions in the 
lower Carron valley [10]. The most conspicuous features which 
register the wake of the laden icy waters are the tarn-dimpled kames 
and the eskers across the south side of the Midland Valley. Con- 
ditions in the theatre of these movements must have been forbidding 
in the extreme. 

The evidences of late and protracted deglaciation abound in the 
hills, moors and valleys of the Southern Uplands, where small 
moraines mark the trail of the ice. Greater significance, however, 
attaches to the visible legacies of the last ice-sheets and glaciers in 
the Highlands. There is hardly a valley but contains boulder clay 
and fresh-looking morainic cones and ridges attributable to the last 
movements of the ice. The relics show how recently most of 
Scotland passed from arctic severities, and make it plain that animals 
and man could only have penetrated late into these regions. So 
profuse are the memorials of the ice in the Highlands that few can be 
mentioned here. 
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The many traces of great glacial lakes formed in the Highland 
valleys by the penning of the melt-waters by barriers of glacier-ice 
or moraines are impressive. The most spectacular are the celebrated 
Parallel Roads in Glen Roy and adjacent glens in Lochaber repre- 
senting the successive strand-lines of a vast ice-dammed lake 
[11, pp. 287-94]. Unsilted moraine-dammed basins high up in the 
hills, exposed when the glaciers retired, also bear witness to the 
late disappearance of the ice. They reproduce in miniature the 
fjords and lochs at lower altitudes, the floors of which were gouged 
out by moving ice charged with abrasive ingredients. 

Other records of the deglaciation appear in countless moorland 
lochans. Peat and other vegetable deposits now fill, or are in the 
process of filling many of these pools, just as they did the earlier 
ponds outside the boundaries of the Highlands, especially between 
Forth and Clyde. Such peat-filled tarns are particularly numerous 
in the high grounds east of Glasgow, where a few open lochs of glacial 
origin survive. 

The amazing number of small lakes left in the trail of the ice in 
the Orkneys, Shetlands, Hebrides, and on the mainland, especially 
in western Ross and Sutherland, has its parallel in the areas vacated 
during the last stages of the retreat in Ireland, Scandinavia and 
Finland [11, pp. 250-3]. It is with good reason, therefore, that the 
term /ake-bearing has been used in connection with the Youngest 
Drift areas in recent references to the last movements of the ice on 
both sides of the North Sea [12, p. 29]. 

Perched blocks, roches moutonnées, angular and_ shattered 
boulders occurring isolated or in groups, besides diminishing 
moraines* at intervals as far back as the edges of the old snow- 
fields, strikingly register the decline of the glaciers. Other evidences 
of the last stages of deglaciation are found in Highland valleys. They 
are particularly clear in the North Sea basin, wherein the channels 
which carried down the melt-waters are relatively large and filled 
with gravels laid down during earlier periods of retreat. Since the 
coastal grounds had been rising as the remnant ice melted, the 
swollen and heavily charged rivers sought their base-level. In so 
doing they locally carved out deep gorges, and ploughed through old 
deposits, resorting and spreading them downstream. In the 
flatter reaches nearer the sea they formed alluvial® terraces at 
successively lower levels. Save for later minor changes most of the 
Scottish rivers then assumed the courses which they follow to-day. 


Il. THE LATE-GLACIAL SEA 
(a) The Marine Invasion 
By the time the second period of retreat was well under way the 


z A mound of glacial origin which has received official notice is known to the writer, namely 
a long sinuous ridge on the lower slope of the hillside at Milton in the Endrick valley in the parish 
-s ge eter ae oh ee are (lat. N. ae ce 15’, long. W. 4° 28’ 30”). It is described as a 
fort on the Ordnance Survey six-inch and one-inch maps. Actually, it i i 
Lomond Readvance (p. 158, below, and 4, 641-5). = ae oe 
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fringes of Scotland lay under the sea. A similar but far greater 
‘Marine transgression took place around the Fenno-Scandian 
centre as the ice contracted. This raising of sea-level was, of course, 
‘due to the release of the waters locked up in the ice. What 
volumes were freed may be imagined when it is remembered that 
on a conservative estimate the ice-sheets of the Northern Hemisphere 
covered some 490,000 square miles and averaged 3,000ft. in 
thickness, enough indeed by their melting to raise the level of the 
sea more than 200ft. the world over [13, p. 81]. 

While the absolute rise of sea-level was the same everywhere, 
i.e. eustatic, the recovery of the land which followed was isostatic, 
and most pronounced where the load of ice had been heaviest. 
There the uplift eventually overcame the sea-rise and produced the 
raised beaches, which are prominent in Scotland and in the Baltic 
area. 
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Fic. 18.—THE ENCROACHMENTS OF THE LATE-GLACIAL SEA IN SOUTHERN AND 
CENTRAL SCOTLAND. 
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The maximum transgression of the Late-Glacial sea is registered 
in Scotland by the so-called 100-ft. raised beach, that locally 
conspicuous feature of the coasts, principally around the Highlands. 
Here and there only a notch or platform records the encroachment 
of the cold sea. Actually, the highest strand-line does not occur 
uniformly at 100ft. above present sea-level. The beach is absent 
from the Orkneys, the Outer Hebrides and the extreme north of the 
Scottish mainland. In Ireland its equivalent is present only in the 
north, where it stands about S50ft. above O.D., as it does in Wig- 
townshire and Berwickshire in Scotland. It occurs at approximately 
the same elevation in Sutherland. Its zero-isobase would, therefore, 
lie beyond these northerly and southerly limits [14, p. 369]. Inside, 
the elevation of the beach progressively rises to more than 100ft. 
The maximum at 155ft. near Doune in the Forth basin [15, p. 488} 
indicates that the greatest subsequent recoil took place in the 
Highlands near the main Late-Glacial centre of dispersal [16, 
p. 59]. 

The invasion of the Scottish coasts by the Late-Glacial sea 
converted peninsulas into islands and flooded land-troughs, changed 
great lochs into fjords and so distended the estuaries in central 
Scotland that the Highlands were almost separated from the land 
to the south (Fig. 18). 


(b) The Relation of the Highland Glaciers to the Late-Glacial Sea 


Recent research has shown the connection between the ice and 
the Late-Glacial sea on the borders of the Highlands and the 
Midland Valley during the last glacial episodes and the final retreat 
of the ice. Laminated clays between the surface-moraine and a 
lower boulder clay indicate that the sea had invaded the lower Tay 
and Earn valleys prior to the Perth Readvance (p. 154, above), 
and that the land had risen at least 40ft. after the retreat of the ice. 

Deposits of the later and contemporaneous readvances of the 
Loch Lomond and Upper Forth glaciers afford similar evidence. 
During the interstadial period preceding these companion move- 
ments Loch Lomond and the Upper Forth were arms of the sea 
tenanted by a varied arctic fauna. Before these readvances of the 
ice the submergence in both areas was at least 65ft., and after the 
beginning of the retreat not more than 5Oft. [4, p. 645]. 

South-west of these localities the readvance of a glacier down the 
Gareloch is proved by the Rhu moraines, which are charged with 
marine arctic deposits. This shows that the high-level cold sea had 
access to that inlet at the same time as it occupied the Loch Lomond 
depression [17]. A few miles away, moraines descending to 
within 40ft. of present sea-level record the connection between the 
Glen Messan (Massan, O. S.) glacier and the enlarged Holy Loch 
of Late-Glacial times [18]. 
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Fic. 19.—a, The relation of the western limits of the moraines of the 

District, Valley or Moraine Glaciation to the beach recording the maximum 

of the Late-Glacial Sea on the mainland of Scotland east of Skye. (Redrawn 
from Wright.) 
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b, The deposits of the Valley Glaci 
and their relation to the Early Post- 
Mull Memoir, Geol. Surv. Scot., p. 404.) 
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From the above it may be inferred that the Late-Glacial. 
sea transgressed the coast when the ice retreated inland. That int 
the north-west and west (Fig. 19, a), however, the long-enduring ice‘ 
barred it out of many inlets is attested by the absence of the so-called‘ 
100-ft. beach in the inner reaches of some lochs and its presence int 
the outer parts [14, pp. 371-2]. 

Whether the peak of the last and local glaciation coincided with, | 
or was later than, the maximum transgression of the Late-Glacial. 
sea has yet to be determined. It is abundantly clear, however, that | 
glaciers continued to flow into the arctic sea after the land had: 
emerged considerably. A few instances may be cited. 

From the eastern side of Mull to Skye and Lochs Torridon and: 
Eriboll the coasts of the islands and adjacent mainland abound in: 
outwash fans spread across raised beaches below the “ 100-ft.” 
_ strand-line. Piedmont glaciers in Mull locally kept out the sea and: 
cut into stretches of a beach at 75ft. [3, pp. 189-90]. Glacial! 
deposits there also come down to about 30ft. (Fig. 19, 5). Below: 
this they have been re-sorted or overlaid during the later Post- 
Glacial marine invasion (pp. 165-8, below). A similar story is told! 
by ice-borne detritus resting upon a beach at 30ft. at the mouth of 
Glen Iorsa, Arran [19]. 


(c) The Recovery of the Land 


The beaches and notches below that registering the maximum | 
submergence proclaim that the process of land recovery was neither ' 
steady nor uniform. Around the main ice-centre the most 
prominent stand about 75 and SOft. above present sea-level. These: 
records of the Late-Glacial sea, however, may not be of the same 
age everywhere. For instance, sea-level had fallen to about 75 
and S50ft. near Dunbar, East Lothian, and St. Abb’s Head, Berwick- 
shire, respectively before the events in the west [3, p. 190]. The 
discrepancy is explained as a consequence of the lightening of a load 
less considerable in that part of the country than the other. 


Il. THE RETREAT OF THE ICE IN THE BALTIC REGION 


The eustatic and isostatic movements around Scotland were 
bound up, though not necessarily synchronous with those which 
attended the waning of the Fenno-Scandian ice. In Scotland the 
process of land recovery would begin and develop earlier than in 
Scandinavia owing to the smaller burden Scotland had to throw 
off. Equilibrium between land and sea would also be established 
around our shores earlier than in Scandinavia and prior to the 
maximum of the Yoldia Sea (p. 163, below). As this water body of 
the Baltic area is held to have been the late counterpart of the high- 
level cold sea outside [20, p. 71], we must consider how it came into 
existence and what events followed its formation. This is 
necessary for purposes of correlation and for a proper understanding 
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of our archaeological background which owes much to the Baltic 
- countries. 
As the New Drift glaciation of the British Isles was largely 
concomitant with the last great extension of the Scandinavian ice- 
Sheets, so the actual movements and stages of the deglaciation had 
_ their equivalents on both sides of the North Sea. They were related 
‘at first, but independent later, though due in all likelihood to the 
‘same ruling causes. 


During the first period, the Daniglacial or German Substage, 
the ice nurtured in northern Europe withdrew from the British 
east coast and retreated from the Brandenburg End-Moraine and 
/ uncovered north Germany and most of Denmark. It then halted 
at the line of the Baltic End-Moraine. The second period, the 
Gotiglacial, comprising the Danish and Scanian Substages, freed 
southern Sweden, Gotland and part of Finland, and closed with the 
formation of the Fenno-Scandian Moraines. During the third 
period, the Finiglacial or Bothnian Substage, the ice vacated Finland 
and the greater part of Sweden. After pausing and laying down 
moraines in Jamtland it split into two lobes at Ragunda. This 
bipartition of the ice is held to mark the beginning of Post-Glacial 
time in northern Europe. Since, the remnant ice has continued to 
melt. 


IV. GEOCHRONOLOGY 
(a) Varved Clays in the Baltic Region 
Varved or banded clays provide a means of calculating Late- 
Glacial and Post-Glacial time. They consist of sediments laid down 
in lakes by the melt-waters as the ice retreated. Since the thaw 
was more rapid in summer, heavier particles were deposited during 
that season than in winter. Hence, a complete layer or varve 
showing alternations of coarse and fine materials represents one year. 
Varves, however, differ in thickness from 2 mm. to 3 cm., because 
in a warm year deposition was greater than in a cold. 

As the ice retreated and freed new ground, so each fresh varve 
was laid down on the ends of the older. Thus, except where moraines 
denote pauses in the withdrawal, the varved deposits appear to-day 
to overlap each other like slates on a roof. Varves in the one 
locality have been found to match those in another. Correlations 
have thus been made possible, and gaps in the order bridged by find- 
ing a corresponding section. By piecing together the varve record 
in the Baltic region a veritable calendar has been established for the 
various changes which attended the deglaciation [21]. 
_ As yet there are no varve measurements for the first, or Dani- 
glacial, period of retreat. Taking into account a different method 
of computing a time-scale for earlier events, we may assign to about 
18,000 B.c. the close of the Daniglacial period with the Pomeranian 
Stage, marked by the Baltic End-Moraine. It is estimated that the 
retreating ice was arrested along this line for 3,200 years. 
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A count of the varves in the area progressively vacated by the 
Fenno-Scandian ice suggests that the second, Gotiglacial, period 
of retreat began about 14,800 B.c. and ended about 8300 B.c. The 
pause denoted by the Fenno-Scandian Moraines is thought to 
have lasted some 500 years, so that the third, Finiglacial, period of 
retreat would open about 7800 B.c. Readings for this phase indicate 
that the thinning ice took a thousand years to reach the point 
where it parted in two after pausing in Jamtland. The Post-Glacial 
period in northern Europe began, therefore, about 6800 B.c.. 
This estimate is confirmed by varves laid down since by the remnant | 
ice in the drained Lake Ragunda. They show that about 8,700} 
years have elapsed to the present time. 


(b) Varved Clays in the British Isles 


In the British Isles several sections of varved sediments have 
been noted. Series underlying Scottish Readvance drifts in the 
north of England [22, pp. 50-8, 66-7] have been assigned to the first © 
period of retreat. Varves in Silent Valley are probably referable 
to the equivalent phase in Ireland [23, pp. 270-2]. Since varves of © 
comparable age are as yet unknown in the Baltic area, no date 
can be suggested for these English and Irish sediments. The 
best-known examples in Britain, however, are 59 clearly defined 
laminae laid down near Dunning in lower Strathearn during the 
retreat which followed the Perth Readvance (p. 154, above). It has 
been claimed that the Dunning varves can be linked with those at 
Lyngby, near Copenhagen, which register part of the Gotiglacial 
retreat period [24, p. 25]. According to this they would have been 
laid down between 11,171 and 11,113 B.c. or 4,371 to 4,313 years 
before the beginning of the Post-Glacial period in northern Europe. 
This claim has not been generally accepted [20, p. 71; 1, p. 89], 
for it is usually held that the withdrawal of the ice after the Perth 
Readvance is not the correlative of the Gétiglacial, but of the 
Finiglacial period of retreat in the Baltic area (p. 169, below). 


Vv. THE BALTIC WATER BODIES 


(a) During the Gotiglacial period the land to the north of the 
Baltic depression stood below present sea-level, but was higher in 
the south-west. As the ice-sheets contracted, their melt-waters 
poured into the great trough and formed a lake. This discharged 
westward, but was shut off from the Arctic Ocean by the massed ice 
in the north. 

(b) Soon after the beginning of the Finiglacial period (c. 7800 
B.C.) the retreating ice opened a gap into the Arctic Ocean. The 
level of the water inside the Baltic hollow, into which the melt-waters 
continued to pour, became the same as that of the outside seas. 
As a result the spillways in the south-west became sounds admitting 
salt water. The fresh-water organisms died out and were replaced 
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| by marine forms. To one, the bivalve Yoldia arctica Gray, the new, 
cold and brackish sea of short duration owes its name. 

(c) Northern Denmark and the region east of it were flooded 
by the Yoldia Sea. A strand-line, increasing in elevation to almost 
300 metres (nearly 1,000ft.) above present sea-level near the ice- 
, centre, records the amount of the marine transgression and the rapid 
land recovery which followed. The zero-isobase passes through 
the middle of Denmark and along the north coast of Germany 
[14, map f. p. 344; pp. 356-8]. By late Finiglacial time, about 
7300 B.c., the uplift had so progressed that the Baltic depression 
was closed at both ends and once more converted into a lake. 
This large and long-lasting expanse is called after the freshwater 
snail Ancylus fluviatilis Miller, one of the characteristic fossils in 
its deposits. 

(d) The Ancylus Lake at first drained into the North Sea across 
southern Sweden and received the discharge of the diminishing ice. 
By about 5000 B.c., or nearly two thousand years after the beginning 
of Post-Glacial time, its level had so risen that, with the eustatic rise 
of the outside sea, the sill between Jutland and Scania was broken 
and the waters joined through the Cattegat. 

(e) With the establishment of this communication and a sinking 
of the land, a new body of increasing size, depth and salinity took 
the place of the Ancylus Lake. It is known as the Litorina Sea 
from the periwinkle Litorina littorea Linn., the shells of which are 
most abundant among the characteristic group of molluscan fossils 
in its deposits. The Tapes Sea, its equivalent on the Swedish west 
coast and in Norway, derives its name from the bivalve, Tapes 
decussatus Linn. These Early Post-Glacial seas are thought to have 
attained their maximum around Denmark about 4500 B.c. and 
possibly some five hundred years later in Finland. Their trans- 
gression of the coasts is registered by a raised beach and other 
deposits at progressively higher elevations. From a zero-line, 
corresponding nearly to that of the emergence which succeeded the 
formation of the Yoldia Sea, they attain over 100 metres (say 
330ft.) above present sea-level in the northern part of the Gulf 
of Bothnia. ; 

(f) The subsequent uplift of the land, which began to operate 
soon after the marine transgression reached its maximum, gradually 
contracted the sounds and brought up the Baltic lands to their 
present position. This has been maintained save for a slight 


intermittent sinking. 


VI. THE EMERGENCE OF THE SEA-FLOORS 


Our acceptance of the Yoldia Sea as the equivalent of the Late- 
Glacial sea outside leads to the obvious inference that the uplift 
responsible for the extinction of that water body in the Baltic 
trough, and the formation therein of the Ancylus Lake, may be 
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correlated with the process of land recovery initiated during the 
retreat of the remnant ice in the British Isles. The whole move- 
ment, therefore, was far-reaching. It continued until the land 
away from the ice-centres had risen above its present height relative | 
to the surrounding seas. As a result, the earlier outlines of north- 
western Europe were partially restored, and Britain was once more 
united to the Continent at several points. 

Owing to the later submergence associated with the development | 
of the Litorina and Tapes Seas, marine erosion, tidal scour and the 
creation of sandbanks, the exact gain of the land is not certainly 
known. It is likely, however, that the 20-fathom line fairly indicates 
the amount of the uplift (Fig. 20). 

The territory then reclaimed from the sea included the Dogger 
Bank. This became a low-lying island or the northern edge of a 
great alluvial plain traversed by the extended lower courses of the 
rivers which now flow into the North Sea. 

The Strait of Dover again became a land-bridge, and at least 
partial connection between south-east England and the Continent 
was renewed. To the west the Channel was probably reduced to 
an arm of the sea which received the lengthened English and French 
rivers. Among the islands on the British south coast, the Isle of 
Wight became tied to the mainland and the Scillies were joined 
together. 

On the Atlantic side the relative uplift had marked effects on the 
maritime tracts and sea-floors. The shores of the Bristol Channel 
lay farther out than now, and the elongated Severn coursed between 
them and emptied into the outer sea. Much of Cardigan Bay became 
dry land. Anglesey was connected with North Wales and stretched 
farther westward. To the north the Isle the Man stood above the 
elevated sea-bed which enlarged the English north-western mainland. 

While the low coastal belts were considerably extended, yet the 
bed of the Irish Sea was trenched by a long gulf occupied by a great 
river which widened into vast lakes, mainly to the west of the Isle 
of Man, drained all the surrounding land [25, p. 386] and discharged 
into the sea west of Pembrokeshire. Owing to the presence of 
the Irish Channel River the connection between Wales and Ireland 
was never complete. Nor did the relative uplift elsewhere afford 
an unbroken land-bridge between Britain and Ireland. Although 
the North Channel became narrower, yet it could not have been less 
than the valley of an immense river [26, p. 7]. It has not been 
determined whether this fed the Irish Channel River or ran north- 
ward into the ocean. An emergence of less than 30 fathoms might 
suffice to link north-east Donegal and Islay, but even so the deep 
Sound of Jura would prevent direct access to the Scottish mainland 
[25, pp. 388-9]. Nevertheless, there were intact connections 
between many of the islands, some possibly becoming attached to 
the mainland. 
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The importance of the emergence is evident. Wide areas were 
made available for the spread of vegetation under an improving 
climate. A varied fauna was provided with new feeding-grounds 
where man could hunt and settle. Routes were laid open between 
regions formerly widely separated. There indeed existed such 
obstacles as watercourses, swamps, scrubs and developing woods, 
but they were overcome by animals and man. The period was 
capital in history. It witnessed great movements of peoples and 
the beginning of human occupation in many of the formerly heavily 
glaciated parts of the British Isles. 


Vil. THE EARLY POST-GLACIAL SEA 


The Early Post-Glacial eustatic rise in sea-level, which brought 
fo an end the Ancylus Lake in the Baltic trough and induced the 
development of the Litorina and Tapes Seas, had its counterpart 
outside Scandinavia. Thereby the reclaimed floors of the North 
and Irish Seas were overwhelmed, the English Channel was created, 
and the complete and partial land-connections, which had been 
established during the period of emergence, were severed. As in 
he Baltic basin, so in the British Isles the re-submergence was most 
rapid and greatest near the main ice-centres of Late-Glacial times. 
With it our islands entered upon a new era of separate development. 

The Early Post-Glacial marine transgression affected Scotland, 
nuch of Ireland and the north of England. Although less extensive 
han that of the Late-Glacial sea, yet it deformed the coasts, enlarged 
he firths and converted river mouths into considerable estuaries. 
its encroachments of the Forth and Clyde basins narrowed the land- 
onnection between the Highlands and the south (Fig. 21). 


VII. THE EARLY POST-GLACIAL RAISED BEACH OF 
SCOTLAND 


The Early Post-Glacial marine transgression was responsible 
or the formation of the raised beach which is the most marked 
eature of the seaboard of Scotland and north-eastern Ireland. It 
aid down silts and other sediments in bays and sea-lochs. To it are 
lue also the carse-clays of certain estuaries, notably Clyde, Forth 
Pl. 14), Tay, Esk (Angus) and Ythan, Aberdeenshire. 

The raised beach, equivalent platform or deposit, which registers 
he Early Post-Glacial submergence, and upon which stand countless 
owns and villages, is commonly called the 25-ft. raised beach. 
This is a misnomer, because its elevation is by no means: constant. 
When this varying elevation was recognised and explained, the 
lesignation Early Neolithic was suggested [27, p. 99], because 
+ was believed that its contained relics of human industry were 
eferable to that period. A later proposal to call the feature the 
Mesolithic Beach [3, p. 196] is based on the surer foundation of 
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present archaeological knowledge. Recently it has been suggested 
[16, p. 86] that a more appropriate name would be Litorina Beach 
after the counterpart formation in the Baltic area, since in both the 
same periwinkle Litorina littorea occurs as the characteristic fossil. 
To the writer it seems undesirable to confuse a British coastal 
feature with the memorial of a'submergence in the Baltic trough. 
For this reason, the beach, which is of supreme importance to 
Scottish geology and archaeology, is referred to in these pages 
as the Early Post-Glacial raised beach. 

It attains about 50ft. at Gartmore in the upper Forth valley [15, 
p. 490], in the basin of the Tay above Perth, and below Crieff in 
Strathearn [28, p. 383 ; 4, p. 640]. In the west the beach stands 
about 40ft. above present high-water mark between Loch Linnhe 
and the Firth of Clyde [3, p. 198]. Outward it decreases to present 
sea-level in Caithness and the western isles, in Co. Durham and in 
Lancashire, in North Wales, south of Dublin and Co. Sligo in 
Ireland. A curve joining these points and forming the zero-isobase 
approximates to that which denotes the maximum limits of the 
Late-Glacial sea (pp. 156-8, above). It excludes the Orkneys, 
where the raised beach, if it ever existed, is now submerged. Thus, 
in the British Isles, as in the Baltic region, the recoil subsequent to 
the marine invasion was greatest around the ice-centre of Late- 
Glacial times. 

Locally the Early Post-Glacial raised beach is dotted with crags 
and stacks, or its inner margin shelves against a characteristic scarped 
cliff perforated with caves (Pl. 15). At such places it is easy to 
visualise the coast-line as it was at the time of the maximum of 
Early Post-Glacial submergence. The Early Post-Glacial raised 
beach represents a period of erosion and deposition probably longer 
than that of the sea at approximately its present level. Yet it is 
doubtful if even the whole platform attributed to the Early Post- 
Glacial sea was everywhere cut by it, though it hewed, carved and 
wasted rocks. The presence of ice-striated rocks upon its surface 
suggests that the terrace may be of pre-glacial or interglacial age, 
and that it is a coincidence that the beach rests upon an earlier sea- 
level [3, p. 197]. 

In the lower reaches of many of the larger rivers the raised beach 
or its equivalents, for example the estuarine flats, merge into the 
terrace formed by the stream in adjusting its base-level. 

The deposits which record the transgression of the Early Post- 
Glacial sea have a stronger claim to attention for other reasons than 
their arresting character. Within or upon them occur the earliest 
anquestionable relics of man in Scotland. Broadly speaking, those 
ecovered from inside the formation recording the marine invasion 
date back to the end of the Early Post-Glacial emergence or the 
seginning of the subsequent relative land-sinking. The relics from 
he top of the raised beach as a rule denote settlement after the 
succeeding movement of land recovery had set in. 
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The movement of land recovery, initiated soon after the Early, 
Post-Glacial sea attained its maximum, continued until about the: 
Iron Age. Though inconsiderable compared with that which attended 
the final melting of the ice, yet this uplift compelled the rivers once; 
more to adjust their lower courses. That a relative land-sinking 
has since taken place is attested by prehistoric remains now under 
water at several points on the coasts of the British Isles and adjacent 
Continent [29, pp. 263-6 ; 16, pp. 288-93]. The evidence points 
to a submergence greater outside than inside the zero-isobase of the 
Early Post-Glacial raised beach [30, pp. 316-22]. 


IX. CORRELATIONS 


(a) Since no great distance separated the principal ice-centres, 
powerful oscillations could hardly have affected the one area and 
not the others. Hence, despite many difficulties, it seems that the 
main events of the deglaciation in the British Isles, the Baltic basin 
and the Alps can be linked. The tentative correlations set out in the 
accompanying table (Pl. 16) are based on our datum which lies in the 
period of climatic improvement preceding the New Drift glaciation 
of the British Isles [31, p. 351 ; 32, pp. 77-8]. It permits us to link 
this glaciation, the last great drive of the Scandinavian ice-sheets 
across the North Sea, the concomitant Weichsel advance over 
Denmark and north Germany, and the second Wiirm maximum 
in the Alps. 

(b) The thinning back of the New Drift ice to the borders of the 
Scottish Midland Valley, the withdrawal of the Scandinavian 
ice-sheets from the British east coast, and the retreat of the Fenno- 
Scandian ice from the Brandenburg End-Moraine reached at the 
peak of the Weichsel glaciation, may be assigned to the same initial 
phase of thaw. To this would belong also the Achen (W./W;) 
retreat of the Alpine glaciers, corresponding to the Daniglacial 
Period in the Baltic area. 

(c) The arresting of the retreat by the Scottish Readvance and 
associated movements in the British Isles, recorded by the North- 
East Ireland—Isle of Man—Cumberland End-Moraines, may be 
correlated with the pause or readvance marked by the Baltic or 
Pomeranian End-Moraine which terminated the Daniglacial Period 
[2, pp. 49-50]. Its Alpine equivalent would be the Biihl Stadium 
or third Wiirm maximum. 

(d) The counterparts of the Scottish deposits registering the 
withdrawal of the ice by stages during the second period of retreat 
lie in the series of moraines in southern Sweden and Finland 
referable to the Gétiglacial Period or Scanian Substage. This would 
correspond to the Bihl-Gschnitz Period in the Alps. 


: The development of the Baltic Ice-dammed Lake during the 
Gotiglacial Period synchronised with that of the Late-Glacial sea 
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depression during the preceding period of uplift. It comprised the 
Flandrian transgression which created the English Channel, the 
complete drowning of the North Sea and Irish Sea beds and the 
marine invasion of the coasts around the principal ice-centres of the 
British Isles. The encroachments of the Early Post-Glacial seas 
in the Baltic area and British Isles are most clearly registered by a 
raised beach, attaining its maximum elevation around the ice- 
centres. The subsequent emergence of the land around the British 
Isles had its counterpart in the movement whereby the Litorina 
Sea was reduced and the present Baltic Sea came into existence. 

(h) These tentative correlations are set out in the accompanying 
table (Pl. 16). 
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FIELD MEETING AT CHARLTON, PLUMSTEAD 
AND ABBEY WOOD 


Saturday, 8th May, 1948 
Report by the Director: W. S. Pitcher, B.Sc., F.G.S. 


[Received 1st June, 1948] 


“| HE object of the meeting was to give members an opportunity 
of visiting classic sections in the Lower London Tertiaries, 
some of which are being re-excavated for demonstration during the 
International Geological Congress in 1948. 

A party of 25 members assembled at Charlton Station at 1.42 
p.m. and visited the nearby locality of Valley Grove, where a 
section shows the Bull Head Bed at the junction of the Upper 
Chalk and the Thanet Sand. This section, which is the only re- 
maining part of the great pit described by the late William Whitaker, 
lies behind a block of flats and is, therefore, capable of permanent 
preservation. 

The party then walked to the well-known “ Gilberts” Pit, 
which now forms part of Maryon Park. The present occasion 
was the tenth visit of the Association to Charlton since 1881, and 
the essential details do not differ from previous descriptions published 
in our Proceedings and by the Geological Survey. Despite its use 
as a dump for rubble from bombed sites a very fine section is still 
revealed and the ravinement of Woolwich by Blackheath Beds and 
the Thanet-Woolwich junction are well seen. Due to frost action 
during the severe winter of 1946-7 the Striped Loams and the 
laminated Shell Beds are excellently exposed and supply con- 
vincing evidence of estuarine conditions. The Director em- 
phasised that the section should be considered in relation to the 
marine deposits of Herne Bay and the fluviatile strata of the Reading 
area in order to appreciate fully the lateral changes in the Landenian 
cycle of sedimentation. 

From Charlton the party travelled by tram to Wickham Lane, 
where in East Wickham Coombe the Tertiary Beds are exposed 
in several sections in a valley eroded down to the Chalk. Much 
of the area is now built over and many of the sand pits in the 
Tertiary deposits are being filled with rubbish, but the ‘“‘ Cemetery ” 
Pit, off King’s Highway, which is now the premises of Saunders 
Transport Ltd., is being reworked and shows a fine vertical section 
similar to that at Maryon Park. 

Members enjoyed a pleasant walk through Bostall Woods 
across the plateau feature of the Blackheath Pebble Beds to Lessness 
Abbey. On the way physical features and their relationship to the 
local geological formations were discussed, especially with regard 
to the phenomena of slip of unconsolidated strata on hill slopes. 
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From a vantage point on Bostall Heath Mr. F. J. Epps pointed out 
features in the extensive view across Wanstead Flats, after which the 
party continued to a pit in Blackheath Pebble Beds, which has 
yielded sarcens of Reading Bed type. 

In Lessness Abbey Wood a re-excavated section in a highly 

fossiliferous sandy lenticle in Blackheath Beds provided much 
material for collectors. Fish teeth and vertebrae are common and 
remains of turtles, crocodiles and mammals are occasionally found. 
This important locality was fully excavated by Dr. E. I. White in 
1933, but Mr. A. Wrigley referred to its discovery by Mr. St. John 
Marriott and further indicated the value of the fauna in the 
correlation of the Lower London Tertiary Strata. For the extent 
of this faunal list we owe much to the careful collecting of Mr. F. J. 
Epps. 
After tea at the Abbey Wood Dining Rooms the President, 
Mr. E. E. S. Brown, speaking on behalf of the members of the party, 
expressed their thanks to the Director, for an afternoon meeting 
in the fashion of pre-1939 years, and to Messrs. Epps and Wrigley 
for their interesting contributions. Thanks are due to the Chief 
Parks Officer of the L.C.C. for permission to visit sections in 
Maryon Park and Lessness Abbey Wood, and also to Saunders 
Transport Ltd. for allowing access to the “‘ Cemetery” Pit. 
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FIELD MEETING IN THE NORTH-WEST 
WEALD 


(Weald Research Committee) 
Saturday, 29th May, 1948 


Report by the Director: J. F. Kirkaldy, D.Sc., F.G.S. 
[Received 3rd June, 1948] 


[_FAVING the Embankment, the party, which numbered 33, 

followed the Portsmouth Road by coach to Ripley and in bad 
weather, which persisted all day, ascended the North Downs to 
Newlands Corner. Here the Director gave a general account of the 
geology of the north-west Weald and pointed out such landmarks 
as were visible. After descending the scarp face of the Downs 
_a stop was made in Albury to examine the good section of Hythe 
and Bargate Beds in Blackheath Lane [3*, p. 174]. Attention was 
drawn to the abundant derived ooliths in the Bargate Beds and their 
provenance was discussed. From a viewpoint at the top of the hill, 
the Director described the structure of the surrounding country 
and emphasised that a very misleading view of the structural com- 
plexity of the Weald was obtained from the study of a small-scale 
map. Returning to the coach, the party went past Shalford over 
the flat gravel and clay country of the heart of the Peasemarsh 
anticline. 

The route ascended the encircling scarp of the Hythe and 
Bargate Beds near Compton and then lay for a short distance across 
the plateaux formed by the Bargate Beds. A typical exposure in 
these beds was visited by the Squirrel Inn, Hurtmore, and the 
lithological differences noted between this exposure and Blackheath 
Lane were explained as mainly due to greater distance from the 
contemporaneous land-mass of the London-Ardennes platform [4]. 
After lunch the party motored along the Portsmouth Road, noting 
the contrast between the pleasantly wooded outcrop of the 
Folkestone Beds, reached at Rodborough Down, and the arable 
country, to the south of Thursley, on the outcrop of the Bargate 
Beds. They ascended the dip-slope of the Hythe Beds to Hindhead, 
but clouds covered the high ground, and instead of being able to 
enjoy the magnificent view of the western end of the Weald, they 
could scarcely see the other side of the Devil’s Punchbowl. There 
was little temptation to linger, so the coach followed the Tilford 
Road to a disused pit in the cherty facies of the Bargate Beds by 
Stoke Farm. Some little time was spent in discussing the date of 
cementation of the Bargate Beds, and it was generally agreed, on 
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the evidence of this and the other sections, that the calcareous con- 
cretions were of subsequent date and that the doggers here had 
later been partially silicified ; but it was noticed that sponge spicules 
seemed to be more abundant in the cherts than had been admitted 
in a recent paper [5]. The journey was resumed across the outcrop 
of the Folkestone Beds past Tilford and Crooksbury Hill. 

The next halt was by Badshot Lea to examine quarries in steeply 
inclined and faulted Upper, Middle and Lower Chalk [1, pp. 51 
and 59], and to discuss the tectonics of the Hogs Back and the classic 
example of capture of the headwaters of the Blackwater by the 
Godalming branch of the River Wey. Visibility was so poor that 
the far side of the dry gap through the Chalk ridge was imagined 
rather than seen, whilst the displacement of Chalk ridge by the 
Runfold tearfault could not be demonstrated. 

After tea at the ““ Lounge Cafe” on the crest of the Hogs Back, 
the President proposed the customary vote of thanks and the 
Director in his reply thanked Mr. N. Rothenburg for carrying out 
the duties of Field Meeting Secretary. It had been hoped to 
describe the usually extensive view from the Hogs Back, but 
visibility was too poor and the coach continued on to the Guildford 
Park works of the Sussex Brick Company. The working face is 
now entirely in the typical red and grey mottled clays of the Reading 
Beds, but in the abandoned northern part of the pit ditches still 
expose the shell bed, crowded with Corbicula (Cyrena) cuneiformis, 
Ostrea bellovacina, Melania inquinata, etc. The Portsmouth Road 
was then followed back to London, with a brief stop at Church 
Cobham bridge to indicate the terraces of the Lower Mole and to 
discuss their formation [2]. The Embankment was reached at 
7 p.m. 
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FIELD MEETING AT WELL HILL AND 
HALSTEAD, KENT 


Saturday, 12th June, 1948 


Report by the Director: A. G. Bell, I.S.0., B.Sc., F.G.S. 
[Received 19th June, 1948] 


"THE object of the meeting was to examine the topography of 

the North Downs with its dry valleys, and to see at Well 
Hill an outlier of Tertiary Beds capped with gravel, the drainage 
from which is absorbed by swallow holes in Thanet Sand overlying 
Chalk. 

A party of 24 met at Knockholt station and climbed northwards 
on to the plateau forming the dip slope of the North Downs. The 
topography of the district was described, and attention was drawn 
to the large dry valley running from east to west, in which the station 
lies ; two miles farther down, at Green Street Green, the valley 
swings to the north to receive at Orpington the strong springs which 
are the source of the River Cray. Some tributary dry valleys 
could be seen descending from the plateau on the other side of the 
valley, which is capped with Clay-with-flints. The Director pointed 
out the characteristics of the numerous dry valleys of the Chalk, 
their steep sides, steep gradient, 50 feet or more to the mile, their 
association with Clay-with-flints and the fact that they rarely breach 
the Chalk escarpment, and he referred to the accumulations of gravel 
at the lower ends of some of them. At Green Street Green, for 
example, the gravel is 25 feet thick, and in the Cray valley below 
Orpington occurs a much thicker and coarser gravel with many whole 
flints. It was also noted that the plateau to the north, extending 
to the neighbourhood of Dartford, was devoid both of Clay-with- 
flints and of dry valleys of the type associated with that deposit. 
The party went towards Well Hill, seeing on the right Tertiary Beds 
given over to woods and orchards, contrasting with the cornfields 
of the Chalk on the left. 

Well Hill, consisting of Thanet Sand, Woolwich Clays and a 
capping of plateau gravel, has been visited several times by the 
Association. The first recorded visit was conducted by Sir J. 
Prestwich in 1874 [1*]. The locality has been adequately described 
in the Proceedings [2, 3]. 

Passing the spring, which formerly comprised a well and pump 
and afforded the sole supply of drinking-water to the district, 
including the neighbouring village of Chelsfield, the party visited 
the basin-shaped swallow hole, 30 feet deep, the largest of several 
by which the drainage from Well Hill is conveyed to cavities in the 
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‘underlying Chalk. Owing to the clearing of the wood some years 
ago, the swallow hole was so choked with undergrowth that the 
outlet could not be found. After climbing the hill, the party turned 
southwards, passing several exposures of the plateau gravel to which 
the hill probably owes its preservation. This gravel has been 
described many times, but, like other high-level gravels, its origin 
is still in doubt [4, p. 44]. It may be the gravel of an early Pleisto- 
cene river, but is more likely to be a Pliocene deposit of the same 
age as the Lenham Beds. Passing through Hollows Wood past the 
highest point, 610 feet, the party crossed the dry valley of Timberden 
Bottom and walked over Meenfold Hill to a viewpoint overlooking 
the village of Shoreham in the gap which the river Darent has cut 
through the Downs. Haze obscured the more distant views. It 
was pointed out that the Darent had captured streams running 
along the outcrop of the Gault to the south and that, since the 
gap is presumably pre-Pleistocene in date, it is unlikely that the 
escarpment of the Chalk had receded to any considerable extent 
during Pleistocene times. Following the Yew Grove, the party 
teached Shepherds’ Barn at the extreme head of a dry valley and 
from here continued, mainly over Clay-with-flints and passing the 
head of another dry valley, to the village of Halstead. 

During the walk the origin of Clay-with-flints and of dry valleys 
was discussed. Preference was shown for the view that dry valleys 
were formed by solifluction during the glacial episodes of the 
Pleistocene, when erosion was most active. As described by Alan 
Wood [5, p. 137] and W. J. Arkell [6, Chap. XVII), under periglacial 
conditions with the subsoil permanently frozen, alternate freezing 
and thawing would cause disintegrated material to be carried down 
the slopes by melt waters. During the periods when the climate 
was ameliorating, until temperate conditions with minimum erosion 
and a protective skin of vegetation were established, flood waters 
would suffice to scour out the valleys to their present form. On 
this view the dry valleys are the channels by which the Tertiary 
deposits which formerly covered the Chalk have been removed, 
the valleys having been cut back, enlarged and added to at each 
successive glacial episode. The absence of stream channels in the 
beds of the valleys may be attributed to soil-creep [5, p. 139, A. J. 
Bullj. Normal rainfall is now absorbed by the Chalk. 

Clay-with-flints, a deposit on the Chalk plateau, mainly above 
the 450 feet contour line and rarely more than 30 feet thick, is usually 
regarded as a mixture of the residue from the solution of chalk 
with remnants of Tertiary deposits. The flints are much broken 
and pebbles occur. It also can be attributed to periglacial conditions. 
By the phenomenon of frost-heaving described by F. E. Zeuner 
[7, p. 9], ice which has thawed for some distance below the surface, 
on re-freezing expands and tends to push up any stones. On the 
next thaw, infiltrating mud prevents the return of the stones and 
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by degrees in this manner an intimate mixture is produced.. 
Stone as brittle as flint would no doubt also be broken in the: 
process. 

After tea, at which a vote of thanks to the Director was moved | 
by the President, Mr. E. E. S. Brown, Knockholt station was: 
reached by a short walk which passed a temporary road section | 
exposing flinty alluvium in the bed of the dry valley. 
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CORRESPONDENCE 


The two letters printed below refer to Prof. F. K. Hare’s paper 
on “The Geomorphology of a Part of the Middle Thames” (Proc. 
Geol. Assoc., lviii, 1947, p. 294). 


_I congratulate Prof. Hare on a valuable and much needed con- 
tribution to geomorphology. He has given us for the first time a 
detailed account of part of the Thames bluffs and terraces, with a 
new and illuminating method of map colouring. I fully agree with 
his comparison with the Bournemouth terraces. 

I think, however, that he must have overlooked Barrow’s work 
in the neighbourhood. Though Barrow published little of his 
conclusions, he made a brief mention of his discovery of the Marlow 
nick in Proc. Geol. Assoc., xxx, 1919, p. 15 (the words ‘“‘ above 
the River” have dropped out of the passage, but the meaning is 
clear). _ This was, I believe, the earliest case, at least in this country, 
of a terrace being traced into a primary nick. Barrow, inevitably 
in the then state of knowledge, supposed that he followed up the 
Taplow terrace, but actually he was dealing with Prof. Hare’s 
sub-stage Tl, which I would correlate with the terrace I have 
described elsewhere as the Staverton terrace. Its approach to the 
nick accounts for the appearance of exceptional slope in the “ flood- 
plain’ between Eton and Maidenhead and for the eyots between 
Maidenhead and Marlow. If my correlation is sound, the terrace 
will be found to sink eastwards below the Muscliff delta (Upper 
floodplain terrace). 

This braiding is due to the manner in which a river, while cutting 
headwards, attacks the waterlogged gravels, as in the complex nicks 
of the river Test. Similar nicks are now known in several other 
southern rivers, notably in the Devonshire Dart. The Marlow 
nick reproduces on a much larger scale the geography of the Boyn 
Hill-Iver nick of the Test (Proc. Geol. Assoc., \vii, 1946, p. 114, 
fig. 18). This is responsible for the finest set of eyots on that river 
and shows similar braiding. 

I would also congratulate Prof. Hare on following the Lynch 
Hill (Iver) terrace up to the horizontal segment of the 100ft. or 
Swanscombe terrace at Southall. The establishment of this 
connection is of importance. 

I regret that the ambiguity of my term “ short episode ” has led 
Prof. Hare to think that I regarded the Upper Ambersham as 
transitory. It meant that the terrace was quickly over-run and thus 
ceased to grow after a period short compared with the life of other 
rejuvenations. This, which is independent of the breadth of the 
terrace, was proved by its divergence upstream from the Ambersham. 
The Harefield terrace shows upstream a similar divergence from the 
Winter Hill terrace (Proc. Geol. Assoc., lviii, 1947, p. 313) and 
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must be similarly over-run. It is interesting that at Harefield the 
difference of height of the terraces, 20-25ft., is the same as the 
differences near Bournemouth and Dartmouth. 


J. FREDK. N. GREEN. 
13th March, 1948. 


I am very grateful to Mr. Green for his kind and illuminating 
comments. I feel that the correspondences between our two sets 
of results are far too striking to be fortuitous ; it may very well be 
possible to attempt similar correlations in other drainage basins 
now that there is a solid measure of agreement between Thames and 
Solent. 

Mr. Green’s explanation of the Thames eyots is extremely in- 
teresting. I fully agree that the convergence of two terraces at 
Barrow’s Marlow nick-point would probably produce an eyot- 
train of the type actually observed. Exactly what terrace merges 
with the floodplain is, however, controversial. It is certainly not 
the true Taplow, which is 25-30ft. above the floodplain at Bourne 
End. It is possible, as Mr. Green suggests, that the feature I have 
called the T, substage is the terrace concerned ; it is only 10-15ft. 
above the floodplain at Maidenhead. I would question, however, 
whether either the marked transverse slope or the eyots of the 
modern floodplain in the Taplow reach are due to a fusion with this 
substage, which is observedly distinct in the field. If we accept 
Mr. Green’s view concerning the eyots and the Marlow nick- 
point I think we must concede the existence of an additional “‘ leaf” 
or terrace between the T, substage and the floodplain stage. Which- 
ever view is accepted, the record in the Middle Thames area is almost 
certainly deceptively simple ; both from the lower Thames and Mr. 
Green’s own work we have ample testimony that the Taplow 
floodplain interval was marked by several pronounced changes in 
base-level, for which there is little evidence in the Slough-Maiden- 
head-Marlow region. 

Mr. Green’s comment on the linking of the Lynch Hill and the 
Swanscombe 100ft. terrace at Southall is one that I myself was afraid 
to make, because I am not familiar enough with the lower Thames. 
It would be perfectly practicable to extend the cartographic devices 
I used eastwards through London, though the labour involved would | 
be formidable. 

F. KENNETH HARE. 
17th May, 1948. | 
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VIEW FROM THE ROAD ABOVE KURHAUS TARASP 


Looking towards the Dolomites of the Lower Engadine. The dark strips 
shown on the upper parts of Piz Lischana are due to cloud shadows. 


[To face p. 181. 


Piz Lischana 
2976 3109 
1 Upper 
\ FDureassiC 


Key TO PLATE 17. 


/ 


fr 


a 


) 


181 


AN ACCOUNT OF THE LONG FIELD MEETING 
HELD IN SWITZERLAND 


6th—2I1st September, 1947 


3y J. CADISCH, P. NIGGLI, R. RUTSCH, H. GUNZLER-SEIFFERT, H. HUTTENLOCHER 
>. BURRI and E. WENK (Directors of the Excursion), with contributions by M. K. WELLS 
(Excursion Secretary). 


[Received 17th June, 1948] 


INTRODUCTION 

N view of the uncertainties of the times it was impracticable to 

publish an account of the geology of the regions to be visited 
sefore the excursion took place, but as an alternative valuable 
ind detailed itineraries were circulated amongst members of the 
yarty On arrival in Switzerland. Since these pamphlets included a 
sreat deal of recent information available for the first time in English 
ind by authorities in their particular subjects, it was decided to 
nake them the basis of a subsequent excursion report. 

The following account should serve three purposes : firstly, it 
naintains the continuity of the Association’s foreign excursion 
eports ; secondly, it should serve as a valuable excursion guide ; 
ind thirdly, it contains much that is of interest to the general reader. 
Amongst the many features described are the following : details 
»f the Molasse stratigraphy and of the glaciation of part of the classic 
round north of the Alps ; the control which Jurassic and later 
aulting has exercised upon the development of Helvetic Nappes ; 
he lithology and metamorphic history of rock groups in both the 
\ar and Gotthard Massifs, and also some of the structural features 
elating to the Pennine and East Alpine Nappes of the Upper and 
Lower Engadin (including the Lower Engadin ‘‘ Window ’’). 

The geology of the various regions has been described by the 
Yirector whose name appears under the title of each section. All 
he remaining description, and especially that dealing with the 
ctivities of the party, is by M. K. Wells, who has had considerable 
elp from Prof. S. E. Hollingworth, particularly with the account 
f the excursions between 14th and 17th September. Several of 
he original manuscripts have been translated by H. Schaetti 
Bern), who has helped in many ways with the production of this 
eport. Grateful acknowledgment must be made to the Director 
yeneral of Post Offices of Switzerland for providing the Association 
vith the coloured map of the Lower Engadin, which will be found 
n a pocket at the end of this volume. : 


A party of 46 members of the Association gathered in the 
seological and Mineralogical Institute of Bern on the afternoon 
f 6th September. An official welcome was given to them by 
rof. J. Cadisch, who had been very largely responsible for making 
he excursion possible and for co-ordinating all the arrangements. 
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Afterwards members were able to study an exhibit of minerals ana 
rocks appropriate to the excursion, and also a display of the various 
styles of printing and engraving that have been used in the production 
of Swiss geological maps from the early days of Alpine mapping up 
to the present. Later, an open-air tea was provided for the party) 
due to the hospitality of the Department of Education in Bern: 
The party’s route is shown on the Tectonic Map, Fig. 25 (opp. p. 228)! 


GEOLOGY OF THE MOLASSE REGION TO THE SOUTH 
OF BERN 


By R. Rutsch (Bern) 


Between the steép inner border of the Jura Mountains in the 
north and the Alps in the south there extends, from Lake Geneva 
to Lake Constance, a zone of lowlands and hills, about 50km. in 
width, which is known as the Swiss ‘‘ Mittelland.” 

This is the Foredeep in which, during Oligocene and Miocene 
times, large rivers deposited detritus from the Tertiary Alps. There is 
also an admixture of material from the north, from the old Hercynian 
Black Forest and Vosges Mountains and their sedimentary cover. 
This Swiss Mittelland represents but a short segment of the long and 
narrow depression which borders the north slope of the Tertiary 
Alps from the Mediterranean, through the Rhdéne basin, to the 
Vienna basin (Rhodano-Danubic depression). 

The Oligocene and Miocene sediments deposited in this Foredeer 
are known under the local Swiss name, ‘‘ Molasse.’’ 

Originally the Swiss Molasse Foredeep was much broader thar 
it is today. Its width has been strongly reduced by the rise of the 
Jura Mountains in the north and by the overriding of the southern 
part by the Alpine nappes during Upper Miocene and Pliocene 
time. Thus, for instance, it is very probable that the “‘ Préalpes 
Romandes ”’ between the Aar Valley and the Valley of the Arve 
near Geneva, and partly also the nappes of the ‘‘ Helvetic Zone,” 
have overridden the Molasse sediments. 

The Alps of Oligocene and Miocene times evidently had the 
character of non-glaciated, moderately high mountains out of whict 
several rivers transported clastic sediments to the Foredeep 
Simultaneously this trough was subjected to constant, thougt 
probably spasmodic subsidence, which kept on reviving erosior 
in the. Alps. The result is a characteristic type of sedimentatior 
which is distinguished by the following features : 

Firstly the thickness is extraordinarily great. Near the Alps i 
attains at least 8-10 kilometres, but towards the Jura Mountain: 
it becomes considerably reduced. 

A second characteristic feature is the extreme predominance o 
clastic sediments. In the neighbourhood of the Alps mainh 
psephitic material was deposited. It forms polygenic or monogeni 
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conglomerates known as the “ Nagelfluh”” (=nailstudded rock). 
In the central part of the basin the typical Molasse Sandstones 
predominate. They were formerly extensively used as building 
material and give the towns of our Mittelland their characteristic 
grey aspect. Towards the Jura Mountains pelitic material prevails, 
though sandstones and conglomerates are still numerous even in the 
northern part of the Molasse basin. 

The tectonic units exposed in the Oligocene and Miocene Alps 
must have been quite different from those found there now. The 
components of the Nagelfluh in the eastern, central and western 
parts of Switzerland consist principally of rocks derived from the 
“facies province” of the East Alpine and Pennine Nappes, whilst 
material from the Helvetic Nappes and the Crystalline Massifs is 
almost completely lacking. Moreover, a good many of the pebbles 
cannot be matched at all. Maybe their parent rocks are no longer 
exposed in the Alps of today, or they may have been altered beyond 
recognition by subsequent metamorphism. 

A third characteristic of the Molasse is its rhythmic sedimentation. 
It is not only reflected in many cyclic repetitions on a minor scale, 
but forms also the basis for the main divisions of the Molasse : 


Upper lacustrine Molasse Sarmatian ? 

Tortonian 

Miocene 

Upper marine Molasse Helvetian 

Burdigalian 
Lower lacustrine Molasse Aquitanian 

Chattian Oligocene 
Lower marine Molasse Rupelian 


Some of the lacustrine Molasse was deposited in large lakes 
where occasional fresh water limestones and coal seams were formed 
together with the normal clastic sediments. These coal seams 
have been exploited during the last war. Other large tracts of 
lacustrine Molasse, however, appear to be of fluviatile origin and 
to have been laid down on periodically dry delta expanses where 
they were subjected to prolonged periods of weathering. Their 
fauna consists partly of lacustrine organisms and partly of terrestrial 
mammals, molluscs and plants. The flora of the Swiss Molasse 
has been described in the classic monograph of Oswald Heer, and the 
mammals were studied by H. G. Stehlin. 

During the Lower Marine Molasse (Rupelian) the Swiss Sea 
was open to the east and possibly also connected with the Rheintal- 
graben. The Upper Marine Molasse, with which we are chiefly 
concerned on our excursion, was laid down in a basin communicating 
with the Mediterranean, in the west through the Rhone Basin, 
and in the east through the Vienna Basin and its continuation. 

Though purely marine sediments are common, especially in the 
upper part of the Helvetian, when the Vindobonian transgression 
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reached its maximum spread in most of Europe, yet the bulk of th 

Marine Molasse retains a brackish aspect owing to the constan 

influx of fresh water from the tributary streams. Currents induced) 
by the spasmodic sinking of the basin are held to be responsible 
for the submarine erosion and redeposition observed in these: 
sediments. 

After drying out in the Tortonian, the Molasse Basin rose for 
at least 1,000 metres in the Upper Miocene and Pliocene and 
became involved in the Alpine movements, which were particularly 
active at that time. The Alpine pressure was naturally strongest 
in the south, and the following structural zones in the Molasse can 
be distinguished : 

1. Sub-Alpine Molasse : Intensive folding and imbricated structure. 


2. Central part : Folding very weak or absent. 
3. Sub-Jura Molasse : Folded. 


It should be emphasised that the Alpine thrusting acted prin- - 
cipally on the crystalline and Mesozoic substratum of the Molasse ; : 
it can hardly have been transmitted to the Jura region through the : 
latter itself. 

At the end of the Pliocene, the Swiss Mittelland was levelled 
to a peneplain over which during the Quaternary period the 
** diluvial ’”’ glaciers advanced to the Jura Mountains and even beyond 
the limits of Switzerland, to the Rhéne Valley, the French Jura, 
and the Swabian upland. These were, principally, the Rhéne, 
Aare, Reuss, Linth, and Rhein glaciers, which changed the mor- 
phology of the Mittelland fundamentally. 

It may, by the way, be mentioned here that the glacial nature 
of erratic blocks was first recognised in Switzerland by English 
(Playfair) and Swiss geologists. 

Four main glaciations, the Gwinz, Mindel, Riss, and Wirm 
glaciations, can be distinguished, with intervening interglacial 
periods. 

Moraines, gravels, etc., accumulated chiefly during the periods 
of glaciation. In the intervals denudation and erosion prevailed, 
especially in the Mindel-Riss interglacial, when most valleys 
were eroded below their present level, which is determined by 
subsequent accumulation. 

In the region visited by our excursion only the two last 
glaciations, the Riss (the greatest) and the Wiirm (the last) glaciation 
are in evidence. It was covered partly by the Aar and partly by 
the Rhone Glacier. 

The Rhone Glacier of Riss times advanced over the dissected 
peneplain resulting from the long Mindel-Riss interglacial interval 
and covered the whole Langenberg-Guggisberg region to a height 
of about 1,500 to 1,600 metres. The Aar Glacier had no room for 
individual development in this area and remained a mere accessory. 
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TABLE JJ. 
QUATERNARY HISTORY OF THE LANGENBERG—GUGGISBERG REGION 
note 1 Sa perry 
Subdivisions Rhone Glacier Aar Glacier No 
Post-glacial Erosion of gorges.. Numerous landslides, etc. 6, 8 
Several regressive phases Advance of the Aar glacier 
Erosion of lateral S.-N. | to the region of Berne followed 1 
Wirm II directed valleys by melting | by at least 4. regressive phases 5 
waters. ; in the Langenberg region. 6 
Numerous moraines and Characteristic lateral moraines 9 
gravel terraces. and gravel terraces. 
r= 
AS 
Ss 
a) | Wiirm I—Wiirm II | Regressive phase, Aar glacier retreating to the Alps. Gravel | 
=) Interstadial terraces in the Aar Valley. Divergences in the direction of 5 
g the lateral moraines. es 
baal 
=} 
2 , ; 
Extension of Rhdne glacier | Aar glacier at its greatest . 2 
much smaller than during Riss. | extension, tributary to Rhéne | 3 
Large ice-free zone between | glacier north of Berne. 
Wirm I Rhéne- and Aar glacier. | Characteristic lateral moraines 9 
Forming of large gravel flats | (2 important phases) 10 
| between the two glaciers. 
aes oa 
Erosion of numerous predominantly east-west directed valleys 
Riss-Wirm partly filled with gravels by the advancing Wiirm glaciers. 8 
Interglacial Forming of a large lake in the Aar Valley, filled with clays 10 
| and gravels. 
Largest extension of Quaternary glaciers 
: | Rhéne glacier covering the | Aar glacier forming lateral 
Riss whole Langenberg-Guggisberg affluent of Rhéne glacier at 7 
region, upper limit at 1,500- the northern border of the 
She 1,600 m. Numerous erratic | Alps. 
glaciation blocks, isolated relics of | No deposits in the Langenberg- 
gravels. Guggisberg region. 10 
Mindel-Riss Formation of 900-880 m. peneplain. Aar Valley already 
Interglacial existing 10 
Mindel glaciation | 
a No traces = 


Giinz glaciation 
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i The retreat of the Rhone Glacier after Riss times was followed 
| by a period of intense erosion. It created valleys and gorges which 
in turn were filled with gravels by the advancing Wiirm glaciers and 
« covered by moraines. 

These Warm glaciers were of much smaller extent than their 
7} equivalents of Riss times, and the Aar Glacier had room to advance, 
¥ independently of the Rhéne Glacier to beyond Bern. Between 
| the two glaciers a large portion of the Langenberg-Guggisberg 
region remained free of ice and now shows morphological features 
f which are. quite different from those of the regions which were ice- 
q covered. 

___ The numerous stages which marked the retreat of the two glaciers 
’ after their maximal phase are well expressed in the area of the 
# excursion by spectacular lateral moraines, lateral gravel flats and 
& ravines dug by the waters running off the melting ice. 

i The final retreat of the glaciers to the Alps was followed by 
» a new period of erosion which gave the valleys their present shape. 
Further information on the Molasse and Quaternary of the areas 
? visited can be found in the stratigraphical tables, Plates 18 and 19. 


Notes on the excursion : Bern—Langenberg—Guggisberg— 
Gurnigel—Griesalp. 7th September 


The first features noted south of the outskirts of Bern near 
_ Winzenried were the large lateral moraines left by the last (Wiirm) 
glaciation on the flanks of the Aar Valley, by the Aar Glacier. 
A series of these large moraines mount like a giant stairway with 
earliest formed moraines now the highest up the valley sides. At 
' Niedermuhlern (2)* some of the morainic material has been quarried 
' for road material, and crystalline rocks of the Aar and Gastern 
Massif, Mesozoic limestones of the Préalpes Médianes, etc., were 
/ seen in profusion. 
| The Langenberg-Guggisberg plateau west of the Aar and Giirbe 
/ Valleys originally formed a region between the Aar and Rhéne 
| Glaciers which in the main escaped the last glaciation: it has a 
' topography of more normal river erosion, in contrast with the 
rounded, moraine-covered country of neighbouring glaciated valleys. 
On the edge of the plateau, at Imihubel (3), this morphological 
contrast was seen to be most marked. This same Jocality is the type 
area for the marine Helvetian (Vindobonian=Middle Miocene) 
deposits of the Molasse. Here an abundant mollusc fauna was 
examined, and the possible tectonic reason for distortion of the 
forms was discussed. 
From a viewpoint further south along the plateau edge (at 
- Riggisberg Church, 5) it was possible to see examples of the gravel 
terraces left by the retreating Aar Glacier. To the south lay the 


* Numbers in brackets refer to the localities in Tables I and II (Plates 18 and 19). 
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higher and more rugged country of the sub-Alpine Molasse, with the 
peaks of the overthrust Préalpes masses beyond. A brief summary 
of the tectonics of this region was given by Dr. Rutsch, who pointed 
out the considerable folding which has affected the Molasse of the 
foreland near the region of the Alpine thrusting. 

Outside Riggisberg (6) an examination was made of some of the 
features of a glacial lake connected with the Wiirm Glaciation, 
This small lake was formed in a tributary valley blocked by the 
Aar Glacier. The moraine barrier, surrounding terrace feature 
and overflow channel were all easily visible, and since gravels showing 
deltaic bedding have been worked in the floor of the old lake basin, 
a very complete and satisfying picture was obtained of the whole 
phenomenon. 

From Riggisberg the route continued to the south-west across 
the plateau region. 

At Lindenbach (8) the road passed through a post-glacial gorge, 
and cutting across this at right angles is an earlier gorge belonging 
to the Riss-Wiirm Interglacial, which is now filled with gravels from 
the Aar Glacier of the Wiirm Glaciation. It was interesting to 
note how much the joints of the rather massive Molasse beds had 
been opened at the sides of this old gorge, with a certain amount of 
dragging downwards of the dip by hill creep. 

For some distance the road continues across a large gravel flat 
(Elisried, 9) formed in a glacial lake between the Rhdéne and Aar 
Glaciers of the last glaciation, but at Waldgasse (10) this last 
cover is absent, and remnants of the pre-Riss peneplain are exposed. 
Valleys of the Riss-Wiirm Interglacial period have been cut in 
this peneplain. Some gravels were examined here which lie 
above the peneplain and which contain erratics from the Montblanc 
and Aiguilles Rouges Massif and from the Pennine Nappes. 
They include blocks of a highly distinctive gabbro from the Rhéne 
valley and have obviously been left by the Rhéne Glacier. This 
region is near the western margin of the plateau. 

As the Préalpes are approached the Nagelfluh facies becomes 
a very important element of the Tertiary beds, and a fine roadside 
exposure of these polygenetic conglomerates was seen at Kalchstatten 
(11). A lunch was provided at Guggisberg. 

For several miles the route then continued in an easterly direction 
north of, and reasonably parallel to the Préalpes. A stop was made 
at Lauetli to examine the Tertiary Flysch (interbedded sandstones 
and shales) with Nummulina, Discocyclina, etc. (Middle to Upper 
Eocene). These beds belong to the Gurnigel Flysch Zone. 

The nearest approach to the Préalpes Médianes was at Selibuehl, 
where a magnificent view was obtained of the Mesozoic limestones, 
etc., which, steeply dipping, form the range of mountains with the 
Ninenen, Gantrisch, etc. The view was rapidly obscured by rain, 
which fell for the remainder of the afternoon, during the return to the 
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Aar Valley followed by the journey along the margin of Lake 
Thun, past the Niesen and the Préalpes region and finally to Griesalp, 
high up in the Kiental, a valley in the Helvetic Nappes at the south 
of Lake Thun. This rainfall was a notable event, since it was the 
only one of the whole tour, all of the remainder being in perfect 
weather. 
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THE KIENTAL, BERNESE OBERLAND 


Kiental—Griesalp—Abendberg—Griesalp. 8th September 
Director : H. Giinzler-Seiffert (Bern) 


The objects of the excursion in this region were to show, not only 
the phenomenon of overthrust nappes which has been recognised 
since 1902, but also that of persistent faulting which took place 
during the deposition of the Jurassic which now forms part of the 
Wildhorn Nappe. The existence of these faults was first demon- 
strated in 1933 on the geological map of Lauterbrunnen, but their 
mechanism was not explained until 1941 and again in 1944. 

The ridge known as the Abendberg on the eastern side of the 
Kiental, and between Spiggenschlucht and the Zahm Andrist, is 
built of Upper Jurassic rocks of the Wildhorn Nappe. This is the 
highest of the three Helvetic nappes in this region with the Diablerets 
and the Doldenhorn Nappes beneath it. The succession in the 
Wildhorn Nappe consists of 300-400 m. of Aalenian, and a much 
attenuated sequence of Bajocian, while the Upper Dogger is 
missing completely. Above these strata lies transgressive Argovian, 
followed by the Malm, of which the highest horizon is sometimes 
missing. The Valanginian follows unconformably with marls 
overlain by limestones. 

Tectonically the region is dominated by the occurrence of four 
folds, each of which has a thick frontal bend, while their anticlinal 
limbs thin out towards the south-east. In each case the synclinal 
limbs are missing, being replaced by three longitudinal faults, 
which separate the southern parts of the anticlinal limb from the 
next fold which Jies recumbent upon it to the south-east. 

These three faults were already active in Jurassic times and 
divided the strata which later formed the Wildhorn Nappe into 
longitudinal fault-blocks. These were tilted and bent in the 
Kimmeric and Laramic orogenic phases, and later were again 
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involved in the Alpine folding. These movements follow certain 
rules which, in this form, are applicable to the Kiental region only. 


(a) Gaps in the succession. In the Bajocian, the Bathonian, 
the Callovo-Oxfordian and later again in the Tithonian, each fault 
block was tilted so that its north-western edge was lowered and 
its south-eastern edge raised relatively. The erosion which followed 
each tilting tended to remove the strata in the south-east of each 
block therefore, while the same beds tended to be preserved in the 
north-western part of each block. Proof of this erosion is provided 
by the occurrence of conglomerates. The extra-thick series of strata 
in the north-western part of each block remaining after this 
complex history of repeated movement and erosion, now form the 
frontal, anticlinal portion of each fold. 


(b) Echelon structures. Before the Alpine folding the fault 
blocks were echeloned and formed regular steps leading down from 
north-west to south-east. The ensuing Alpine folding did not 
reverse the throw of any of these step faults. 


(c) Folding. The rocks on the downthrow side of each fault 
have become folded over towards the north-west. Where the rocks 
on the upthrow side to the north consisted of hard Malm limestone, 
then no further complications followed this folding, but if the throw 
of the fault was such as to bring into contact the slates of the 
Aalenian in the north-west with the Valanginian marls to the south- 
east, then the fault itself became intricately folded. In either case, 
the strike of the folding has been determined by the pre-existing 
faults. 


(d) Wedges. Several wedges or riders of Malm limestone have 
remained little moved between the fault planes, although the crushing 
they have suffered has converted the limestone into marble. 
Occasionally these blocks of limestone have been driven into the 
plastic Valanginian marls (—Berriasian of Fig. 21). 

Of the four folds, that which was originally the most northerly 
has been overridden by the more southerly ones, since it was held 
back by the frictional drag of the thrust plane just beneath it at the 
base of the Wildhorn Nappe. In the figure this fold is shown just 
above Spiggengrund. 

The second fold includes the Aalenian which is shown over- 
lying fold No. 1. At about 1,700 metres the Malm belonging to 
the second fold is suddenly cut off by the first of the old faults 
mentioned above. This fault continues as an abnormal contact 
between Aalenian slates and Valanginian marls, nearly up to the 
summit of the Abendberg. The fault plane has been folded 
synclinally, and along it there are a few wedges of Malm limestone, 
not shown on the diagram. 

At the Abendberg occurs fold No. 3, which probably owes its 
high position to its having been thrust over fold No. 1. The crest 
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of this fold has been eroded away, so that only a small mass of 
vertically dipping Malm remains between the huts of the 
Abendberg and the pass of the same name, while a little further to 
the south part of the anticlinal limb of this fold consists of nearly 
horizontal Malm at Kanzel. 


The fourth of the folds in the Malm of the Wildhorn Nappe is. 
short and thick. It is cut off by the old longitudinal faults as before, 
but is mentioned only briefly since it occurs to the south of the 
area seen on the excursion. 


N.W. Golderenhorn Abendberg SIE. 


Ee rauterivian Ist. FSS] Berriasian marl ==] Argovian Ist. 
= Valanginian Ist. fC -Y maim limestone ES Bajocian shales 


Aalenian sandstone 


Fic. 21.—SECTION SHOWING THE FOLDING AND FOLDED FAULTS IN THE WILDHORN: 
NAPPE ON THE EASTERN SIDE OF THE KIENTAL. For explanation see text. 
(After H. Giinzler-Seiffert.) 
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Description of the Excursion 


The Kiental is a N.W.-S.E. valley, which provides almost ideal 
dip-sections of the Helvetic structures, from the Niesen, a prominent 
peak in the Préalpes at the northern end, through the Doldenhorn,. 
Diablerets and Wildhorn Nappes. Many of the prominent folds 
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along the valley can be followed quite easily by means of the massive 
Jurassic and Cretaceous limestones. On the journey up to Griesalp 
there was little opportunity to study the details of these structures. 
At the village of Kiental, however, the party had to transfer to 
special buses which can make the ascent up to Griesalp via the 
steep hairpin bends which occur en route. From this point it was 
possible to note the major tectonic and physiographic features. A 
fine cirque with nearly vertical walls forms an apparent — 
termination to the valley at Tschingel. The enclosing walls, 
250 m. high, are formed of Valanginian at the bottom and 
Hauterivian above, both belonging to the Diablerets Nappe. These 
rocks form a large recumbent fold with contorted Tertiary beds 
in the core of the fold. The road climbing the wall of the cirque 
up to Griesalp passes some fine examples of basins of erosion, 
and short sections of abandoned gorges, while the present stream 
forms some impressive waterfalls. 

The main part of the excursion consisted of a climb from Griesalp 
to the Abendberg ridge which separates the Kiental from the 
Spiggengrund valley to the east. Much of the climb was over 
Aalenian of the Wildhorn Nappe, overthrusting folded Malm at 
Hochgalm. The contact of this Aalenian with the Malm, out- 
cropping in the col forming the divide between the Kiental and 
Spiggengrund was seen, and from this point the limestone was 
crossed on to the Valanginian marls to the north-west. Lunch was 
taken on this divide, and from here the structure of the surrounding 
region was demonstrated. On the far (north-east) side of the 
Spiggengrund an excellently exposed, assymmetric anticline of 
Malm limestone was seen from here, with its steep northern 
limb sharply truncated by one of the folded faults mentioned above. 

After returning to the col, a descent was made of a few hundred 
feet into the Spiggengrund to examine the transgression-breccias 
of the Argovian to the Aalenian. On the other, Kiental, side of the 
col the line of one of the folded faults was traced near Tschuggen. 
Here the Aalenian is thrown against Valanginian, as shown in the 
section. The last contact noted was that of Aalenian belonging 
to the Wildhorn Nappe thrust over the Tertiary of the Diablerets 
Nappe not far above Griesalp. The remainder of the day was 
occupied by the return journey down the Kiental, round the shores 
of Lake Thun and Lake Brienz, via Interlaken to Meiringen. 


THE AAR MASSIF 
By H. Huttenlocher (Bern) 


A. General Remarks. The Aar Massif is separated from 
the smaller Gotthard Massif which lies to the south-east by a 
narrow, but deep trough through which the young Rhine flows 
to the east and the young Rhone to the west. Structurally the Aar 
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Massif is comparable with the massifs of the Gotthard, Mt. Blanc, 
Belledonne, Pelvoux and Mercantour, all of which belong to the 
autochthonous masses of the Western Alps. These masses form 
important elements of the west Alpine bend and as such are clearly 
differentiated from the other, mostly Pennine part by their structural 
and petrographic character. The Aar Massif represents a pre- 
Triassic substratum of old contorted rock which forms an elliptically 
shaped mass extending along the southern side of the Helvetic 
Nappes and having a length of 120 km. and a maximum width of 
25 km. Its western end lies in the Létschental, where the Helvetic 
Nappes interdigitate with the crystalline rocks. The eastern end lies 
in the Tédi-region and the middle part of the upper Rhine Valley 
near Truns. Still further east, however, two small crystalline inliers 
show amidst the masses of the Helvetic Nappes. The tectonic 
culmination of the Aaf Massif lies in the western part of the Bernese 
High Alps with the Finsteraarhorn as the highest peak (4,275 metres). 

Being autochthonous, the Aar Massif represents a substratum of 
old rock, which was not included in the alpine deformation as were 
the masses of the Pennine Nappes, which by comparison seem very 
plastic and which attained a highly crystalline condition by reason 
of the alpine deformation. But the structural as well as the 
mineralogical characteristics of the Aar Massif distinguish it from the 
analogous non-Alpine crystalline massifs which occur in the west 
and north foreland of the Alps (French Plateau Central, Vosges, 
Black Forest) and which were not influenced by the Alpine orogenesis. 
Deeply eroded river valleys traversing the region make it possible 
to obtain a clear picture of the structure and composition of the 
Aar Massif. The first of these is the River Aar, which divides the 
massif into two nearly equal regions (excursion 9th September) ; in 
the eastern part the exposures are provided by the Reuss valley 
(excursion 10th and 11th September), and in the latter case the sections 
have been completed by the excavation of the Gotthard Railway 
tunnels and the driving of galleries for the Amsteg power station. 
In addition, valuable data have been obtained from galleries which 
have been cut in the sides of the Aar Valley for hydro-electric schemes, 
while the most westerly part of the Aar Massif is cut by the 16 km. 
tunnel of the Létschberg Railway. 

The Aar Massif gives the impression of being a rigid, more or less 
schistose complex. The result of its alpine deformation can be seen 
in the formation of imbrications, and microscopically in the decom 
position micaceous minerals of the igneous rocks and the crystalline 
schists formed in an earlier geological period with the production of 
secondary micaceous minerals. The Aar Massif, therefore, has 
characteristics which are intermediate between the typical Alpine 
deformations on the one hand, and the completely unaffected 
crystalline massifs of the foreland on the other. 
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The imbrication is the result of a comparatively late Alpine | 
orogenetic phase, but the general tendency was for the Aar Massif | 
to resist all movements so that the Pennine and Helvetic recumbent | 
folds of great amplitude were indirectly influenced by it. There- | 
fore the Pennine Nappes seem to be pressed against the massifs and | 
are folded back or else lie around them or close in on them in the - 


region of the tectonic depressions. The Helvetic Nappes, consisting: 


of post-Permian sediments, seem to have “ slipped off” the uptilted | 


culmination of the Aar Massif towards the north and to have been 


wedged into the massif, together with their crystalline underlying | 


rock-masses. 


B. Tectonics. The tectonic situation of this elliptically formed | 
Hercynian crystalline complex is very simple, if the tectonics of the | 


wedges are excluded from consideration. The crystalline schists 
strike parallel to the longitudinal axis of the massif, N 50° to N 65° E,. 
and they dip steeply to the south. There is no sign of a fan structure, 
and consequently no dip in the opposite direction, i.e. towards the 
north. 

The local tectonics are closely related to the physical properties. 
of the rocks concerned. Inhomogeneity of the latter, for example, 
favours the formation of imbrication and wedges, especially where, 
as in this case, there is a rapid transition from granitic to sedimentary 
rocks and their metamorphosed equivalents. 


C. Division of the Aar Massif into Zones. The arrangement 
of the granitic and metamorphosed sedimentary rocks with a 
sensibly parallel regional strike, allows the region to be divided 
into a number of characteristic zones, as follows :— 


Gastern-Innertkirchen-Granite Zone 

Erstfelder-Gneiss Zone 

Zone of the Crystalline Schists north of the Central Aar Granite 
(Northern Schists) 

Central Aar Granite Zone 

Zone of the Crystalline Schists south of the Central Aar Granite Zone 
(Southern Schists) 

Sedimentary Zone of the Rhéne-Valley—Urseren—Upper-Rhine-Valley 


HR ns WN 


D. Petrographic and geological characteristics of the different: 
zones. 1. Gastern-Innertkirchen-Granite Zone. The plane of un- 
conformity of the post-Permian sediments which dips steeply to the 
north overlies the crystalline rocks in the northern part of the Aar 


Massif, but is frequently involved in the important wedges which 
reach far towards the south into the crystalline rocks. (See geological — 


sections in postal guides Grimsel and Sustenpass.) Under- 
neath it a granitic looking crystalline rock appears. In a few places 
a zone of weathering lies between these crystalline rocks and the 
post-Permian sediments. In the western part of the massif a homo- 
geneous, medium-grained biotite-granite appears in the sections 
of the Lotschberg tunnel. In the upper Lauterbrunnen Valley, 
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however, and specially in the region of Innertkirchen and further 
‘east in the Gadmen Valley the igneous rocks are crowded with 
hornfels-xenoliths. All stages of gradation exist between sharply 
bounded rafts of metamorphic sediments, banded injected rocks 
and almost imperceptible ghosts of the original inclusions. Specially 
notable is a high content of pinite and locally of almandine, which 
both represent partial segregation of surplus alumina as cordierite. 
The altered sediments were for the greater part argillaceous, often 
calcareous, but seldom quartzose. Maybe some of them had already 
been metamorphosed to produce rocks of lime-silicate-gneiss or 
cordierite-gneiss character before assimilation by the granitic 
magma took place. Widespread auto-hydrothermal end-stage 
alteration, preceded by the formation of pegmatitic streaks, changed. 
the facies of this hybrid granite to a sericitic-chloritic one. In this 
way the primary nature of the rocks of this zone was obscured 
except towards the western end of the massif, and for this reason 
their true nature remained unknown for a long time (they were 
described as “‘the northern gneisses’’ by earlier authors). The 
chemical composition of this granite varies widely, but differentiated 
basic products do not occur. 

The true granitic nature of the sericitic and chloritic rocks of 
this zone is still further obscured because they have become imbri- 
cated and jointed as a result of late Alpine movements, specially 
in the vicinity of the wedges. 

2. Erstfelder-Gneiss Zone. At some points the strongly sericitic 
Gastern-Innertkirchen-Granite rocks are separated from _ the 
Erstfelder Gneiss-complex, which follows southwards, by laminated 
coaly schists, which look sedimentary and are quite often associated 
with conglomerates and breccias. Probably they represent an old 
Permo-Carboniferous trough-filling which was compressed during 
the alpine deformation. The Erstfelder-Gneiss Zone itself is not _ 
uniformly developed. In the past, both an orthogneiss and a 
paragneiss were distinguished. The orthogneiss was said to be a 
parallel textured granite which obtained the gneissic character by 
movements during its solidification. : 

The microscopic texture of this so-called orthogneiss (actually 
an augengneiss) and its intimate association with the other banded 
gneisses both suggest, however, that the rock is a product of 
intense metamorphism of a mixed sandy-argillaceous rock, in which 
there has been a widespread development of feldspar. _ 

The paragneisses, rich in mica and obviously originating from 
sedimentary rocks, show very little feldspathisation along the 
original structural planes. They include layers of marble, lime- 
silicate rock and amphibolites, which closely resemble the xenoliths 
occurring in the Gastern-Innertkirchen-Granite. The relationship 
between the Gastern-Innertkirchen-Granite and the Erstfelder 
gneisses has not yet been satisfactorily cleared up. 

3. Zone of the Crystalline Schists north of the Central Aar 
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Granite. This zone, as a whole, is clearly terminated on the : 
southern side by the Central Aar Granite. It is only in the region of ° 
the culmination of the massif that relicts forming the roof of the 
granite show the connections with the southern Schists. In certain 
parts these schists vary considerably both in composition and texture, 
but as a whole they can be regarded as one unit of mica-schists | 
and gneisses, rich in sericite and chlorite, which often contain | 
amphibolitic intercalations with serpentine- or actinolite-derivations. . 
The mineral composition of these biotite-gneisses shows the acid | 
(quartz, feldspar) and basic components either well stratified or ° 
variously plicated. Nodules or segregated schlieren of the light : 
coloured constituents occur now and then, but the feldspar may also » 
be more diffusely distributed, impregnating everything in a meta- - 
blastic manner. Thus rocks are developed in abundance which : 
have the same appearance as those occurring in the Erstfelder ° 
gneisses. This feldspar- and quartz-impregnation occurring in such : 
a variety of ways is independent of the nearby Central Aar Granite | 
contact. In the biotite-gneissic substratum an enrichment in feld- - 
spar around xenoliths and sill-like amphibolite inclusions is . 
remarkable. During the orogenetic evolution the argillaceous- - 
sandy country rock was soaked with acid alkaline solutions which . 
became specially concentrated near the rigid sill-like basic inter- - 
calations. The mobilisation of the acid solutions is older than the : 
intrusion of the Central Aar Granite. 

4. The Central Aar Granite. Against the dark coloured schists - 
on the north and south side, the light coloured Central Aar Granite : 
makes a striking contrast in the landscape. It may be regarded 
as the core of the massif. It is a huge mass that seems to be 
split apart by schistose masses of its roof rocks, which form deep. 
troughs and so give the effect of side-batholiths. It is true the huge 
granite mass does not represent the product of one single eruption 
and crystallisation, but was formed by repeated intrusions with 
comparatively little difference in the state of differentiation between 
each magma. As a rule it is an acid biotite-granite (with mica 
altered to chlorite) of engadinitic chemical composition. It is either 
massive and homogeneous, or else has a distinct parallel texture. 
Some specially coarse-grained and more basic facies (Grimsel) | 
seem to have been more affected by the alpine deformation and have | 
given rise to “‘ augen-gneiss.”’ 

The early derivates are syenitic or dioritic and are usually more 
common in the eastern part. | 

The uniformity of texture, mineral composition and chemical 
nature of the Central Aar Granite is impressive ; the different varieties 
do not influence the impression of the uniform character very much. | 
Compared with the Gastern-Innertkirchen-Granite the “ purity ” 
of this rock is striking, for signs of assimilation and resorption are 
a great exception. They can be found in the region of the Grimsel 
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and in the Reuss Valley near Géschenen. There are no signs of 
fusion of country rock, of impregnation or of injection. 

A narrow aplitic-pegmatitic boundary-facies accompanies the 
distinctly formed contact, but the aplitic solutions do not intrude 
the adjoining rock. The magmatic dykes show products of 
differentiation varying from acid aplites to contrasted lamprophyres 
of a spessartite-kersantite nature. The lamprophyres occur not 
only in the central mass of granite, but they can also be found far 
from the contact in the crystalline schists. As they are easily 
influenced by alpine movements they are often so schistose through 
alteration that they can scarcely be recognised. At the end of the 
Central Aar Granite-evolution, period of intrusion of this granite, 
quartzporphyric intrusions and extrusions took place, the latter 
being chiefly confined to lines of post- or late-Carboniferous troughs. 
‘The aplitic boundary facies all along the contact of the granite, 
and the aplites and granitic apophyses cutting the schists without 
giving rise to contact phenomena, show that the intrusion took place 
at a relatively high level with a fast falling temperature, quite different 
from the conditions which led to the soaking of the schists with acid 
solutions of the Northern and Southern Schists. 

5. The Zone of Crystalline Schists south of the Central Aar 
Granite. There is no principal difference between the Northern 
and the Southern Schists. But the Southern Schists are characterised 
by more. advanced granitisation, for the soaking with alkaline 
solutions is much more common and more intense. Feldspathised 
granitic-looking gneiss cannot be distinguished from real granites 
of magmatic origin. Migmatisation is more common and intense 
than in the northern zone, and good examples of this can be seen 
below Gletsch (at the head of the Rhéne Valley). The southern 
Schists, which occur all along the southern flank, are granitic gneisses, 
rich in sericite, and are either more stratified or else show more 
metablastic feldspathisation and develop excellent “‘ augen’”’- 
gneisses at certain places. As on the north side, the old sediments 
of the south side did not contain much carbonaceous material, but 
consisted mainly of argillaceous-sandy rocks which enabled the 
formation of granite-like crystalline schists. 

The formation of fissures in a N.-S. direction during the alpine 
movements and the subsequent recrystallisation wiped out many 
of the pre-existing dissimilarities between the various lithological 
types. The recrystallisation of these southern gneissic complexes 
was accompanied by a mobilisation of acid and alkaline solutions 
which resulted in the albite-enrichment of the potash-feldspars. 

6. Zone of Urseren. The southern boundary of the s.S. is formed 
by a tectonic line. It is succeeded by steeply dipping sediments, 
beginning in the north with Upper Jurassic and grading to older 
sediments towards the south. By comparison with other localities 
the oldest sediments can be recognised as Permo-Carboniferous. 


\ 
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The sediments show many signs of epizonal metamorphism : the 
Carboniferous sediments, for example, are altered to chloritoid- 
schists. The succession of sediments is not uniform along this 
zone, either for stratigraphic or tectonic reasons. In the west, 
between Brig and Fiesch, the most northerly rocks are conglomerates 
with intercalated keratophyres. Further south towards the Gotthard 
Massif these are followed by Jurassic sediments. The Urseren 
zone is not only important because it forms a Permo-Carboniferous 
trough between the Aar and Gotthard Massifs that was pressed 
together during the alpine deformation, but also because during 
this compression it formed a zone of weakness where mobilised 


solutions from deeper regions were able to ascend in greater quan- © 


tities, giving rise to albitisation, tourmalinisation, etc. 


E. Alpine Mineralisation of Fissures. The characterisation of an 
autochthonous massif must be considered incomplete if the minerali- 
sation of the fissures is not mentioned. The beautiful crystals 
produced in this late phase of Alpine deformation are show-pieces 
in mineralogical museums all over the world. Their formation 
can be directly correlated with the folding of the Alps. Synchronous 
with the differentiated uplift of the autochthonous massifs a decrease 
in pressure took place by tectonic and erosive means. This was also 
the case in those regions which now form the culminations of the 
nappes, where at first temperatures of at least 300° C. existed and 
where the pressure of the overlying rock formations may have 
exceeded 2,000-3,000 Atm. (Niggli). 

Uplift and relief of pressure led to the formation of fissures, 
through which hot watery solutions flowed. Through decrease of 
temperature and decrease of pressure an intensified emanation of 
gas (loss of CO,) resulted and these conditions led to the segregation 
of more or less defined mineral successions. The intrusion of 
these hot solutions was facilitated in the autochthonous massifs 
by their steep imbrications, although the mineralised fissures 
themselves are mostly horizontal, and generally form a large angle 
with the imbrication structure of the massif. That the fillings of the 
fissures (“‘ Kristallkeller ’) depends to a very great extent on the 
adjoining rock (leached zone) is only natural. 

The region around the Grimsel as well as the Reuss Valley 
is famous even today for the occurrence of fine crystal specimens. 


F. Geology and Petrography of the route: Méeiringen—Aar 
Gorge—Innertkirchen—Handegg—Grimsel—Meiringen 
9th September 
Meiringen is situated within the Helvetic Zone, in a region of 
Jurassic shales and limestones of the Wildhorn Nappe, and with 
the beds dipping northwards away from the Aar Massif. Beneath 
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these rocks occur autochthonous and parautochthonous sedimen- 
tary rocks, including Tertiary Flysch resting unconformably upon a 
Trias-Jurassic succession. Near Meiringen the Aar flows through 
a most striking N.-S. gorge which acts as a gateway to the Aar Massif 
to the south. The walls of the gorge are sensibly parallel, main- 
taining the width of the present river right up to the top of the gorge. 
An example of an earlier débris-plugged channel was observed, 
cut by the present gorge. The Aar has cut through the Kirchet 
ridge of autochthonous Malm, etc., which separates Meiringen 
from the wide basin of Innertkirchen, where two tributaries join 
the Aar. The wedging of the autochthonous sedimentary rocks 
into the crystallines of the Aar Massif (here the Gastern-Innertkirchen 
Granite) was visible on both sides of the basin ; on the Pfaffenstock 
to the east and the Laubstock to the west. 

Continuing from Innertkirchen up the Haslital (the main valley 
of the Aar) rocks belonging to various zones of the massif were 
seen; at Aussere-Urweid a partially schistose facies of the 
Innertkirchen Granite ; near Boden, slightly banded Erstfelder gneiss, 
and at Guttannen, sericitic schists belonging to the Northern Schist 
zone. South of Guttannen the Central Aar Granite could be 
seen steeply overlying these Northern Schists. 

A halt was made by the waterfall of Handegg, and the majority 
of the party climbed to the hanging valley on the east side of the 
Haslital, which has been dammed to form the Gelmersee reservoir. 
The nature of the Aar Granite was examined and the tabular jointing 
or “‘ Talbankung”’ noted. The next stop was made just below the 
Grimselsee near the summit of the pass. Here the Aar Granite 
is a more basic facies, charged with xenoliths of paragneiss, aplite, 
lamprophyre, etc. The rock surface has received a very high polish 
as a result of glaciation, and there are fine examples of glaciated 
rock-pavements and roches moutonnées. From the Grimsel 
Hospiz two parties set out, one to the end of the lake by motor boat 
to examine the moraine débris at the foot of the Grimsel glacier, 
which comes right down to the lake ; and the other to study the 
distant landscape over the Gotthard Massif and Penninicum to 
the south, and also to see some strongly banded gneisses. Later 
the parties interchanged. 


Meiringen—Gadmen Valley—Susten Pass—Meien Valley—Reuss 
Valley—Fliielen. 10th September 


The first part of the excursion repeated that of the previous day, 
as far as Innertkirchen, where the party was conducted over the 
power station, which is fed by the harnessed water of the Gelmersee 
and Grimselsee. From Innertkirchen the route followed the 
Susten road eastwards. Near Miihletal some of the amazing 
assortment of inclusions in the Gastern-Innertkirchen Granite were 
studied. Many of the rocks are highly calcareous, including. 
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garnetiferous marble and wollastonite hornfels. The latter proved: 
to be the toughest of all the rocks collected on the excursion. 

Near Fuhren a fine view opened up with Wendenjoch ahead: 
(a Carboniferous trough) and the Titlis to the north-east with massive: 
walls of Malm and Cretaceous rocks. Leading up to this peak: 
on the north side of the road is the long scarp feature of the Gadmer- 
fluh with autochthonous Mesozoics resting unconformably on the: 
granite. The plane of unconformity could be traced on account! 
of the pale weathering band of Trias which is overlaid by Jurassic, 
Lower Cretaceous and Eocene beds. 

At the summit of the Pass the glacial features were admired. 
The Stein- and Steinlimm-glacier comes down to the level of the 
pass, with a small lake at its foot. There are fine corries above the 
glaciers. Looking eastwards from the pass, a good view was 
obtained of the wedge of Farnigen (Plate 20) of Dogger-Eocene rocks 
thrust into Erstfelder gneiss and the northern Schists. By the time 
Husen was reached, near the junction of the Meien with the Reuss, 
the scenery became very reminiscent of the Haslital near the Grimsel 
Pass, for this part of the route is in the Central Aar Granite After 
Wassen, where the Meien and Reuss meet, the succession of crystal- 
line rocks passed became more or less the reverse of that seen 
earlier in the day—Central Granite, schists and Erstfelder gneisses. 
The type locality of the latter group is in the Reuss Valley. 
Eventually the crystallines disappear beneath a northward-dipping 
cover of autochthonous Mesozoic rocks. The actual unconformity 
was seen after a short climb at Scheidnéssli near Schattdorf, a little 
north of Erstfeld. The lowest of the Mesozoic rocks is Trias, 
with a thin dolomite at the base. The steeply dipping gneisses 
beneath this have been partially dolomitised, and are penetrated by 
replacement veins to a depth of several feet below the unconformity. 


THE GOTTHARD MASSIF AND THE PENNINE NAPPES 
By P. Niggli and C. Burri (Ziirich) 


The main object of this excursion was to give a brief survey of 
the effects and problems of metamorphism in different geological 
environments in the Alps. The rocks examined were chiefly in 
the autochthonous massifs of Aar and Gotthard, and to a much 
lesser extent in the Pennine Nappes to the south. 

The geological formations of the Central Massifs belong from 
the point of view of metamorphism to three main groups : 

_I._ A series of schists and gneisses of sedimentary, igneous or 
mixed origin of Paleozoic, or in some cases of even greater age. 
No fossil older than Carboniferous has hitherto been found in the 
Swiss Alps. 

II. Igneous rocks, chiefly granitic, intrusive into the series of 
group I in connection with the Hercynian mountain building in 
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Fliielen—Géschenen—Hospenthal. 11th September 


From Fliielen the Gotthard road was followed by motor coach 
to Géschenen (1,100 m.), Andermatt (1,444 m.) and Hospenthal 
(1,463 m.). The valley of the River Reuss offers an excellent oppor- 
tunity for observing a cross section through the Aar Massif between 
Erstfeld and Andermatt. From there to Hospenthal the road 
follows the sedimentary Mesozoic Urseren syncline which separates 
‘ the Aar Massif from the Gotthard Massif. 

The rocks immediately south of Fliielen are autochthonous 
strata dipping northwards from the Aar Massif, commencing with the 
youngest member, the Altdorfer Sandstone (Flysch), in the north, 
and with successively older beds appearing as one proceeds south- 
wards. 

From Schattdorf onwards the autochthonous limestones of 
the Malm emerge from the bottom of the valley and form huge walls 
in which folding can be observed. Just north of Erstfeld, at the 
classic locality called Scheidnéssli, the Dogger, then yellowish 
dolomitic Trias and finally the crystalline rocks of the Aar Massif 
begin to appear from underneath the Malm. The crystalline rocks 
are injection gneisses, the so-called Erstfelder gneisses, and these 
continue till Amsteg, where their limit about coincides with the side 
valley of the Maderanerthal, which is well known for its mineral 
localities. There follows a zone of sericite-gneisses with quartz- 
porphyries, amphibolites and some black schists, presumably of 
Carboniferous age. These rocks form a syncline which separates 
the Erstfelder gneiss from the Central Aar Granite. This is an 
almost white aplitic granite and shows traces of slight epimetamor- 
phism, which can be studied in the big quarries near Gurtnellen, 
and which continues almost till Andermatt. 

From Géschenen (at the beginning of the big Gotthard railway 
tunnel) the road enters the Schdllenen gorge, which is cut deeply 
into the Aar Granite and leads to Andermatt in the Urseren Valley. 
About half-way through the gorge some syenitic and dioritic 
schlieren with hornblende can be seen. At the exit of the road 
tunnel called Urnerloch, at the end of the gorge, the marginal 
facies of the Aar Granite develops some schistosity. As already 
indicated, the Urseren Valley is due to a syncline of Mesozoic 
sediments located between the Aar and Gotthard Massifs. At 
Altkirch, just before the village of Andermatt, sericite-quartzites 
and cipolline-like marbles, probably of Liassic age, are well exposed 
in a quarry. The sedimentary series continues with psammitic 
gneisses and schists, sericite and chlorite schists, supposed to be 
Permo-Carboniferous and black shales (? Carboniferous), which 
are exposed behind the Hotel Drei K6nige. At the beginning of 
the Unteralp Valley there are also some patchy greenish hornblende- 
biotite-chlorite-epidote-albite-schists of tuffaceous origin which 
belong to the same series. Similar rocks occur near Hospenthal. 
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Hospenthal—Gotthard—Ambri Piotta. 12th September 


From Hospenthal the Gotthard road was followed to the 
pass (2,112 m.), whence a trip on foot of about two hours 
was made. Then the party proceeded by coach to Airolo (1,175 m.) 
and Piotta (1,012 m.). The Gotthard pass from Hospenthal to 
Airolo offers an excellent cross section through the entire Gotthard 
Massif, from the Urseren syncline to that of Bedretto-Piora. 

Rocks of the Gotthard Massif are first met with south of the 
Urseren syncline at Hospenthal, where they consist of steeply dipping 
Palaeozoic gneisses, including paragneisses into which have been 
intruded ultrabasic rocks now in the form of serpentines and talc- 
schists in lens-shaped masses. These intrusions were the fore- 
runners of the main acid phase of intrusion which followed. At 
Kammleten just above Hospenthal, one of the biggest of these 
serpentine masses is worked for the manufacture of vases, bowls, 
etc. The serpentine is surrounded by a margin of almost pure 
biotite-rock. 

Although the Gotthard Massif is closely related to the neigh- 
bouring Aar Massif petrographically and from the point of view of 
its metamorphic history, yet there are important differences between 
the two. The Hercynian intrusions typical of the Gotthard Massif 
do not form the large unbroken masses such as that of the Central 
Aar Granite, for example, but tend to form a number of isolated 
stocks. The first of these granitic stocks is reached by the Gotthard 
road at Gamsboden. This Gamsboden Granite or gneiss is slightly 
epimetamorphosed, and is presumably of Upper Carboniferous age. 
It is cut by a number of lamprophyric dykes, two of which are 
exposed at Matteli and Briiggloch. 

From Briiggloch onwards there follows a syncline of para- 
gneisses with injections and intercalations of amphibolites, the 
so-called Guspis gneiss. In this zone is situated the Lake of 
Lucendro. This lake has been dammed up recently for use as a 
reservoir for an electric power station. 

At the Lucendro bridge the Guspis zone comes to an end and 
there appears a second granite stock, the so-called Fibbia granite, 
which is also porphyritic and shows distinct traces of mechanical 
pressure, as demonstrated clearly by the crushing of the quartz 
grains. South of the pass there are many lamprophyric and 
aplitic dykes in the Fibbia stock, and also mineral fissures. The 
Gotthard pass (continental divide between North Sea and Adriatic) 
shows very fine examples of “ roches moutonnées”’ ground and 
polished by the glacier. é 

A military road, the Bianchiweg, leading finally to Alpe Fieudo 
and built into the western flank of Val Tremola, offers a fine oppor- 
tunity for observing a section through the Fibbia granite with its 
dykes, and also of its southern marginal facies, the so-called Tremola 
granite, as well as the adjoining metamorphic schists. T hese are 
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made up of biotite-rich schists and gneisses, in some places injected, 
and are followed by schists with garnet and hornblende, sometimes 
with intercalated amphibolites. These form the Tremola Series, a 
sedimentary succession of polymetamorphic Palaeozoic sediments 
varying originally from sandy to marly and sandy to clayey types. 
It is assumed that the present state of metamorphism is due chiefly 
to Alpine metamorphism, as structure and mineral composition 
are very much the same as those which can be observed in some 
metamorphic schists of the Piora syncline, which are of similar 
chemical composition, but of Mesozoic age, and which can therefore 
have undergone only Alpine metamorphism. The rocks of the 
Tremola series are also exposed along the Gotthard road in the Val 
Tremola almost as far down as Airolo. At Motto Bartola types 
with big garnets are especially worth mentioning. Specimens of 
hornblende schist and individual garnet crystals were extensively 
collected from this locality. Below Airolo the gypsum belonging 
to the Triasic zone separating the Bedretto-Piora syncline from the 
Biindner schists (schistes lustrés) of the front of the Pennine Nappes 
is well exposed. The road enters the narrow pass of Stalvedro, 
where almost vertical gneisses occur which belong to the frontal 
part of the Luccomagno Nappe. Beyond the Stalvedro pass the 
road enters the plain of Ambri-Piotta. 


Ambri Piotta—Biasca—Olivone—Lukmanier—Curaglia 
13th September 


The chief object of the day’s excursion was to study the ortho- 
gneisses of the Leventina Nappe and the highly metamorphic schists 
of Mesozoic age which form the Bedretto-Piora syncline between the 
Gotthard Massif in the north and the Pennine Nappes in the south. 
As there is no evidence of igneous activity younger than Permian 
in these parts of the Alps, the metamorphism of these schists must 
be due entirely to orogenic processes, since any possibility of contact 
metamorphism is excluded for the Mesozoic rocks. The sediments 
have been squeezed between the northward-pushing Pennine Nappes 
and the resistant Gotthard Massif. 

By following the Gotthard road down the valley of the Tessin 
(Ticino), the gneisses of the Leventina Nappe, the lowest of the 
Pennine Nappes, are reached a little below Rodi at the entrance of the 
Dazio Grande gorge. About half-way through the gorge very 
interesting folding in the frontal part of the Nappe is to be seen. 
These folds were described long ago by Albert Heim. The Leventina 
Nappe is made up of orthogneisses with biotite and muscovite (so- 
called two-mica gneisses). Several special types can be distinguished. 
As they number among the most important and finest building stones 
of Switzerland, they are extracted in many places and a great number 
of quarries can be observed on the way down the valley almost as 
far as Bellinzona. 
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At Biasca, the southernmost point of this series of excursions, 
the Tessin Valley was abandoned and the Val Blenio followed 
in a northerly direction, so that the phenomena described below 
occur in a south to north sequence. The remains of a large land- 
slide can easily be recognised near the entrance to Val Blenio. The 
slide took place in 1512, and temporarily dammed up a lake, which 
later broke through and flooded the lower valley as far down as 
Bellinzona, doing much damage, and destroying ‘the fortification 
walls of the town. ‘ 

Near Loderio a small complex of metamorphic rocks of ultra- 
basic composition, serpentine, amphibolite and enstatite rock, is 
located in the syncline which separates the Leventina Nappe from 
the overlying Simano Nappe. Farther on, the road follows the 
Val Blenio and leads through the rocks of the Simano Nappe to the 
tectonically highly complicated hollow of Olivone. The tectonic 
situation there is characterised by the fact that the Gotthard Massif 
and Luccomagno Nappe both pitch very steeply eastwards and 
disappear under the floor of the valley. In the tectonic depression 
so formed the Adula Nappe is located, which has left behind and 
overridden the deeper Simano Nappe. Another complication is 
the small Soja Nappe at the base of the Adula Nappe. The impres- 
sive pyramid of Sosto mountain which dominates Olivone is built 
up of Biindnerschiefer piled up in front of these Pennine Nappes. 

The road climbs steadily in a wide arc up to the Valle Sta. 
Maria and reaches the rocks of the Piora syncline in which this 
valley is located. At Camperio a little hill offers an excellent oppor- 
tunity for observing the intensely folded Quartenschiefer with 
kyanite, etc. 

The geological section given in the postal guide booklet 
Lukmanier is useful for this excursion. 

The region of the Lukmanierpass (Passo Luccomagno) gets its 
special geological character from the fact that the Gotthard Massif 
at its eastern end is split up into several anticlines (Selva secca, 
Scai, Piz Rondadura), which all pitch towards the east, whilst the 
synclines located between them are filled with metamorphic Mesozoic 
sediments. These include amongst other types kyanite-schists 
with large crystals of kyanite, staurolite-schists, garnet-staurolite- 
mica-schists, etc. Especially remarkable rocks are the coarse- 
grained garnet-hornblende-garbenschiefer of the locality of Frodalera 
which are very similar to those seen the day before and belonging 
to the Palaeozoic Tremola series. 

The granitic anticline of Selva secca occurs at Acquacalda, 
where it can be seen pitching down under the alluvium of the Pian 
segno plain. It is made up of coarsely crystalline and prophyric 
granite, the so-called Medelser Protogine, and of a fine-grained, 
hornblende-bearing variety called Cristallina granite, which can be 
examined ‘in a small quarry near the road. 
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An excellent opportunity for studying the rocks of a second of 
the Mesozoic synclines, the so-called Scopi syncline, is offered by 
the large ejection cone of a ravine coming down from Ganna negra 
and cut by the Lukmanier road near Casaccia. Besides dolomitic 
rocks, some of which are intensely folded together with other types, 
there are black staurolite and garnet bearing types, kyanite-biotite- 
schists, epidote-albite-schists, chlorite-albite-schists, etc. Of special 
interest are black calcareous specimens of Biindner schists | 
containing the rather well preserved specimens of belemnites 
known to Studer and Escher and described later by T. G. Bonney. 

At Sta. Maria, beyond the Lukmanierpass (1,919 m.), an excellent 
view of the Scopi syncline is obtained. Adjoining Piz Scopi is 
Piz Vallatscha, famous for its fine specimens of axinite, danburite 
and other minerals. From Sta. Maria onwards the Lukmanier road | 
crosses another of the granitic stocks of the Gotthard Massif. 
Above Acla are seen the fine-grained Cristallina granite already met 
with and its coarse-grained porphyric marginal facies, the so-called 
Medelser Protogine (after Val Medels, the valley followed by the 
road). Near Perdatsch, at the mouth of Val Cristallina, blocks 
of hornblende quartz-diorite coming from Val Ufiern and re- 
presenting a more basic differentiate of the same stock, can be 
found in the river. 

From Acla to Platta follow the so-called Northern Gneisses, 
developed as coarse grained augengneisses and banded varieties. 
After this a zone of highly schistose phyllites with quartz- 
porphyries and paragneisses are met with. Shortly before the 
village of Curaglia bluish-gray, violet and greenish phyllites of 
Permian age, the so-called Verrucano, are observed, especially in 
some small ravines on the east side of the valley. 

Near the bridge over the Solivabach, just below Curaglia, the 
Gotthard Massif ends with dolomites and well-developed chloritoid 
schists of Keuper (Quartenschiefer) or Liassic age. These chloritoid 
schists form a characteristic unit amongst the sedimentary rocks 
along the northern margin of the Gotthard Massif. 

The road towards Disentis in the Rhine Valley crosses the 
Tavetscher Zwischenmassif, which consists chiefly of sericite-gneisses 
and schists. 


Excursion from Curaglia to Flims, and via the Oberhalbstein region 
and the Julier Pass to Sils. Curaglia—Disentis—Flims—Thusis— 
Sils. Sunday, 14th September 
Directed by J. Cadisch (Bern) and R. Staub (Ziirich) 

The main part of the day was occupied by the lengthy journey 
from Curaglia, north of the Gotthard Massif, eastwards along the 
valley of the upper Rhine to Flims, and southwards into the upper 
Engadin in a region of Pennine and East-Alpine structures. Only 
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brief halts were made en route to examine exposures of special 
interest. Between Curaglia and Disentis (in the Rhine Valley) a 
diorite stock penetrates the schists of the Tavetsch zone. At 
Disentis itself conglomeratic Trias and Jurassic rocks were 
examined in a large quarry, where these rocks dip very steeply 
in a narrow zone between the Gotthard and Aar Massifs. For 
the next few miles the course of the Rhine was followed eastwards, 
where it flows almost along the synclinal axis of the Tavetsch zone. 
The crystalline rocks of the two massifs to the north and south 
plunge gently eastwards to disappear beneath a cover of Mesozoic 
sedimentary rocks. 

Between Disentis and Ilanz there occurred the only technical 
hitch of the whole tour, in the form of engine trouble in one of the 
hard-worked coaches. This caused some delay and the abandon- 
ment of some of the day’s programme. However, by a series of 
ingenious improvisations, Flims was eventually reached. 

Flims is the site of a gigantic rock fall, by which the Rhine was 
dammed to a depth of several hundred metres. According to a 
calculation (specially done for the occasion by Prof. Cadisch) the 
volume of Mesozoic limestone involved amounted to a cube 
having edges 1.43 miles in length. A dislocation breccia was 
formed of this rock, with some of the blocks in it the size of an 
average house. Behind this barrier, a large lake was dammed 
up which stretched as far as Tavanasa. Some of the evidence of the 
former existence of such a lake had already been apparent to the 
party in the form of well developed terrace features along the main 
Rhine Valley. The scenery in the region of Flims is naturally 
dominated by the effects of the fall : pale coloured scars remain 
on the surrounding hillsides, and the ground covered by the débris 
has a peculiar hummocky surface. There are remnants of moraine 
of the Wiirm glaciation on this surface, which provide evidence 
that the fall took place before the end, but probably at some later 
period of the Wiirm glaciation. 

Near Flims the Rhine Valley was abandoned and the route 
followed a southward course along the Hinterrhein to Thusis, 
where a delayed lunch was taken. Between here and Tiefencastel 
in the Oberhalbstein Valley, the River Albula flows through a steep 
valley cut through rocks primarily of Biindnerschiefer facies, which 
form vertical cliffs in many places. A very steep gorge several 
hundred feet deep occurs in the vicinity of Tiefencastel, crossed by 
a single span road bridge. 

At Tiefencastel the party was met by Prof. Staub, who lost no 
time in introducing them to the complexities of the local Pennine and 
East-Alpine Nappes. These are relatively flat lying with the East- 
Alpine elements above, and forming a capping to the mountains 
east and west of the valley. The base of the East-Alpine Nappes 
is formed by the Err granite, seen only in the distance forming Piz 
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d’Err east of the road. Beneath the Err Nappe there is a Lower 
East-Alpine imbricate zone. Rocks of this zone were too distant 
to detect from the road. 

Beneath the Schuppen Zone are the Platta and Margna Nappes, 
both belonging to the Pennides. The latter one is the lower of the 
two, and Tertiary Flysch belonging to it outcrops in roadside 
exposures between Conters and Roffna to the south. The thrust 
plane separating these rocks from the overlying Platta Nappe inclines 
southwards towards the road, and south of Miihlen for several 
miles all the rocks belong to the Platta Nappe. The succession 
includes Trias, Lias schists and radiolarite (cherty) seams of U. 
Jurassic age. The latter are apparently contact altered by the basic 
intrusions which form a large part of the nappe: it thus appears 
that the intrusions (now altered to ophiolites*) are of Upper or 
-post-Jurassic origin. These rocks were examined by the road at 
Miihlen, six miles from the type locality of Piz Platta, which is west 
of the road. 

The light was failing rapidly as the summit of the Julier Pass was 
reached, and the party had the novel experience of examining rocks 
in the light of the coach head lights. After this a rapid descent was 
made to Silvaplana and along the lake side to Sils-Maria, the 
headquarters for the excursions of the next three days. : 


Literature 
“‘Geologischer Fiihrer der Schweiz,” 1934 ; Fasc. iv, pp. 276, 303. 


THE UPPER ENGADIN 


Sils—Maloja—Castasegna (Bregaglia Valley), Monday, 15th Sept. 
Directed by R. Staub (Ziirich) 


The location of the Bregaglia-Upper Engadine Valleys is a 
particularly fortunate one for the interpretation of Pennine and 
East-Alpine structures. Due to a regional easterly pitch of the 
nappe structures, the valleys cut through a nearly complete sequence 
of the latter, from the lowest middle Pennine Nappes in the south- 
west to the Upper East-Alpine Nappes in the north-east, all within 
a relatively short distance. Sils is situated in a central position 
with regard to this sequence, where the lowest East-Alpine Nappes 
override the highest members belonging to the Pennides. In 
the region of Sils the imbricate structures, forming the ‘‘Schuppen 
Zone’? beneath the sole of the great East-Alpine thrust mass, 
widen out and reach their maximum development. On the first 
of the two days spent in the Upper Engadine (15th September) 
the whole sequence of structures was traversed in a coach tour 


* The term “ ophiolite ” is used in a broad sense to cover basic igneous rocks and their 
metamorphic derivatives without making any distinction between intrusions and lava flows. 
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from Sils as far down the Bregaglia Valley as the Italiam 
frontier (Fig. 23). The second day (16th September) was spent 
in examining the sequence of imbrications in detail in the 
vicinity of Sils. 

For the sake of clarity it is well to record some of the generak 
characters of the Pennine and East-Alpine Nappes as outlined by 
Prof. Staub at the start of the first day. 


Pennine Nappes.—Every nappe, whether Pennine or East-Alpine,. 
when fully developed, has a crystalline core, generally of ancient. 
(at least pre-Carboniferous) gneisses and schists. In the Pennine 
Nappes this is normally overlain by thin Carboniferous and Permian 
deposits, though these are locally absent, so that the basal member 
of the sedimentary succession following the crystallines may be 
Trias, with a basal quartzite followed by dolomite comparable in 
age with the Muschelkalk. The Jurassic argillaceous, or mixed 
calcareous and argillaceous rocks are normally metamorphosed to: 
produce the typical ‘‘ Biindnerschiefer ’’ facies. Thin cherty seams. 
of radiolarite are common towards the top of the Jurassic succession, 
and are often contact-altered by post-Jurassic basic dykes and sills. 
Igneous rocks, including lava flows and sills, increase in amount 
towards the south of the Pennine Nappes, until finally they assume 
the form of gabbroidal masses, with all sediments excluded. These 
basic rocks, known collectively as “‘ ophiolites,’’ are all metamor- 
phosed to green schists, amphibolites and serpentinites. 


East-Alpine Nappes.—The sedimentary succession covers a 
similar stratigraphic range, but the rock facies are different from those 
found in the Pennine Nappes, notably in the much lower degree of 
metamorphism which the sedimentary rocks have suffered. The 
base of the succession, which normally overlies the ancient crystalline 
core of each nappe, commences with the “‘ Verrucano,”’ Permian 
breccias, etc., followed by Triassic dolomite, or its dedolomitised 
equivalent, the characteristic ““ Rauhwacke,”’ and by little-altered 
Liassic-Cretaceous breccias, limestones and shales. Ophiolites and 
basic intrusions generally are absent in this region, thus contrasting 
with the Pennine facies. 


In the Sils region of the Upper Engadine the nappes appear to be” 
dipping at fairly low angles towards the east, so that the lower, 
Pennine, Nappes appear towards the western end of the valley (in 
the direction of Maloja and the Bregaglia Valley), and the overlying. 
East-Alpine Nappes occur to the east. Largely on these grounds 
some geologists infer an east-to-west compression : Staub, however, 
holds the view that the direction of translation of the nappes is 
sensibly south-north in this area, as it is in the western Alps, and 
that the pitch of the structures is responsible for their easterly 
inclination. This point was discussed on several occasions, especially 
during the excursion of 16th September. 
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Since representative rocks of every one of the nappes dissected 
by the Engadine-Bregaglia Valleys were studied in the course of the 
two days spent in this region it is necessary to give a brief summary 
of the stratigraphical sequence and distinctiveness of the formations 
seen. These are arranged in descending sequence, with the first 
nappe mentioned seen outcropping near St. Moritz towards the 
eastern end of the Upper Engadine, and the last one occurring near 
the Italian border to the south-west, and approaching the region 
of Lake Como. 


Lower East-Alpine 
Err Nappe 
_ The overlying Mesozoic rocks include Triassic sandstone, 
dolomite and “‘ Rauhwacke ”’ ; Liassic shales and limestone ; Malm 
shales with seams of radiolarite—the ‘‘ Radiolarite Group” ; and 
Cretaceous sandstones and shales. These lie unconformably upon 
a crystalline core of Err Granite. 


Upper Pennine 

Sella Nappe ; 

The Mesozoic rocks include Triassic dolomite, Liassic schists 
and the Radiolarite Group. Before the Alpine movements occurred 
these rocks passed laterally into lava flows and were intruded by 
post-Jurassic gabbros, dolerites and ultrabasic rocks, ophiolites 
which now have been altered. The older Sella crystallines include 
gneiss, schists and dioritic and monzonitic rocks. 

Ophiolites are not only altered basic igneous rocks, but include the 
original, unaltered types. Definitions : Comprehensive term including 
all the initial magmatites (Burri and Niggli: Junge Eruptivgesteine des 
mediterranen Orogens, 1945). Or: Basic and ultra-basic rocks and their 
metamorphic derivatives of Paleozoic to Tertiary age, which are charac- 


teristic of the middle zone of the mountain range and of the nappes 
arising from this zone (Grunau : Geologie von Arosa. 1947). 


Margna Nappe 

The Mesozoic succession is similar to that of the Sella Nappe, 
though in the Engadine, metamorphosed basic igneous rocks are 
less prominent in the Margna Nappe. Because of numerous 
tectonic repetitions of the sequence there has been a great thickening 
of the rocks forming the crystalline core, which consists both of 
ortho- and para-gneisses. 


Middle Pennine 
Suretta Nappe 
The Trias is prominent, with quartzite at the base, resting on 
the mica-schists and gneisses of the older crystallines, and followed 
by altered calcareous and dolomitic rocks. The Jurassic rocks, 
of a Biindnerschiefer facies, thin out locally, and their place is taken 
by altered basic igneous rocks. 
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Tambo Nappe 

In the Bregaglia Valley, the limit of the excursion, the rocks of 
this nappe are mainly ancient gneisses and schists, though there is 
a thin Triassic succession comparable with that of the overlying 
Suretta Nappe. 


The first halt of the excursion was made very soon after leaving 
Sils-Maria, on the north shore of the Silsersee. Here Prof. Staub — 
demonstrated the broad outlines of the structure seen on the south 
side of the Engadine, over the lake. Since these structures were 
examined at closer quarters on the following day’s excursion, it 
is not necessary to detail them at this point. 

Before reaching Maloja, about four miles to the south-west, 
good roadside exposures of greenstone and Triassic dolomite in the 
Schuppen Zone were seen. The outcrops of both pale dolomite 
and dark serpentines, etc., could be traced along the northern face 
of the valley. 

At Maloja itself a brief halt was made to admire the impressive 
view from the divide between the Inn and Po (Mera) drainage systems. 
Along tributary valleys to the north, the line of the pale Triassic 
quartzite and dolomite of the Suretta Nappe could be traced for a 
great distance against the dark schists, etc., of the crystalline core. 
Due to the easterly pitch, the apparent strike of the formations is 
more or less north-south. 

A steep descent was made into the Bregaglia Valley, passing 
various beds of the Suretta Nappe to the point where these come 
into contact with the Bregaglia granite (““ B.M.” on the excursion 
map). A small north-flowing tributary enters the Mera above 
Roticcio, and by following up this stream, the party were able to 
examine good exposures of the contact. The approach is a strenuous 
one because of a train of boulders brought down by a torrential flood 
in 1924, which fills the valley to a depth of several feet. These 
boulders provided excellent opportunities for studying the nature 
of the granite, which is coarsely porphyritic and rich in basic 
xenolithic patches in its marginal facies. Otherwise it is remarkably 
constant in its composition from the highest peaks at 3,400 m. 
down to the lowest exposures at 600 m. The granite intruded into 
the Suretta and Tambo Nappes therefore obviously post-dates 
their youngest Cretaceous rocks (occurring in the region of the 
Hinterrhein), and since granitic pebbles of the same rock type occur 
in the Miocene deposits of Lombardy, the probable age is early 
Tertiary. 

On the south side of the boulder-strewn valley, the granite makes 
contact with mica-schist of the Suretta crystallines, and on the north 
side there is a sharp contact of leucogranite against dolomitic 
Triassic rocks. The latter have been altered from impure 
dolomitic rocks into strikingly banded diopside-bearing hornfels. 
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Blocks of altered basic igneous rocks, green schists with epidote, 
were also seen in abundance. 

The remainder of the distance between Roticcio and Castasegna - 
on the Italian frontier was covered rather rapidly, but Prof. Staub 
gave an interesting account of the geology en route to those privileged 
to drive in hiscar. At Promontogno a ridge broken only bya narrow 
gorge crosses the valley. It is caused by an outcrop of quartz- 
sericite-orthogneiss belonging to the crystalline core of the Tambo 
Nappe. This rock has a sufficiently well-developed flat schistosity 
to enable it to be worked into table-tops. The members of the party 
showed great interest in the dexterity with which these were being 
produced. Prof. Staub gave several analogies between the succession 
in the Tambo and Suretta (Middle Pennine) Nappes and other 
areas to support his view that the crystallines in these two cases 
may well be of Pre-Cambrian age. 

On the return journey towards Sils, some of the more striking 
topographical features of the Maloja Pass were noted. This pass is 
dominated by a bluff crowned by a pseudo-antique castle, and it was 
from the ramparts of the latter that Prof. Staub explained the develop- 
ment of the present-day drainage system. The location was highly 
appropriate as the castle itself is located precisely on the line of the 
divide between the Danube (Inn) and Po (Mera) systems. It was 
manifest from this viewpoint that the Inn originally drained a large 
part of the area now in the catchment basin of the Mera. High- 
level shoulders of the former upper Inn valley remain well to the 
south-west of the present divide, and the tributaries of the Mera 
flow eastwards in their upper courses, converging towards the Inn. 
The Mera, for example, starts its life flowing eastwards before 
bending sharply round upon itself to flow towards Lake Como and 
ultimately into the Po to the Adriatic. The river capture and 
complete reversal of drainage that has resulted in this classic region 
resulted from the steeper gradient of the Mera compared with the 
gentler fall of the Inn Valley. The position of the divide has shifted, 
however, since Pleistocene times, for there are indications of terraces 
flanking the Upper Engadine, which rise to a maximum height above 
the present valley floor at St. Moritz. This points to an immediately 
pre-Glacial divide not west, but slightly east of where it is now. 
The Pleistocene modification of the drainage pattern is attributed 
to a late-Glacial development of glaciers in the tributary valleys 
of the Engadine, temporarily blocking the latter and impounding 
glacial lakes. . One of the latest of these was the forerunner of the 
rwin lakes of Silsersee and Silvaplana See. These are now separated 
by a delta fan which has grown opposite the outlet of the Fex Valley. 
A local feature of great interest at Maloja is the development of 
several glacial “ mills,” perfectly formed and highly polished pot- 
holes drilled out with the help of melt waters beneath the Engadine 
slacier. Another relic of local melting is the prominent moraine 
yn the divide, behind which Maloja shelters. 
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Excursion to Grialetsch, south of Sils in the zones of Schuppen 
structure. Tuesday, 16th September. Directed by R. Staub (Ziirich) 


The object of this excursion was the study of the Schuppen 
structures, which are of great complexity on Piz Corvatsch and in 
the neighbourhood of Sils. The main Schuppen occur within the 
highest Pennine Nappes (the Sella and Margna Nappes) beneath the 
thrust plane at the base of the East-Alpine Nappes. The whole 
excursion was made on foot from Sils, through woodland round the 
southern shores of the Silsersee as far as Fex. Above this village 
there are good exposures, mainly of rocks in the Sella Nappe up to 
Grialetsch, a promontory some 1,000 m. above. This is one of the 
northern spurs of Piz Corvatsch and it provides an excellent view- 
point for studying the structures of the Upper Engadine. 

In broad outline the structure of Piz Corvatsch and the valley to 
the west is as follows : the summit is formed of a thick mass of Err 
granite, which is extensively mylonitised by the thrusting. This is 
locally the lowest member of the East-Alpine structures. Beneath 
this granite comes the main Schuppen Zone of the thrust slices of the 
Sella and Margna Nappes, the former outcropping on the west 
face of the mountain, and the latter mainly in the region of the valleys 
of Fex and Fedoz. All these structures are inclined towards the 
east. (See Fig. 23.) 

On the excursion the dominant rock types seen were mica- 
schists of one type or another ; either schist derived from one of the 
pre-Mesozoic rocks of the crystallines of the Sella Nappe or else the 
Biindnerschiefer facies of the Jurassic. The most distinctive rock, 
however, is the Triassic Rauhwacke, a pale cavernous rock which is 
slightly altered dolomite. This serves as a key to the interpretation 
of the structure, and with its aid it was possible to determine the 
following sequence during the ascent :— 

Sella crystallines, mainly monzonitic in composition at the top. 
Triassic dolomite 

Mica-schist (“ crystalline ’’) 

Triassic dolomite 

Liassic Biindnerschiefer 


gap 
Mica-schist (‘‘ crystallines *’) 
Liassic Biindnerschiefer 
Triassic dolomite 


All the rocks in this sequence are placed in the Sella Nappe. Each 
repetition of the succession marks one Schuppen Zone, to each of 
which Staub has given a local name, e.g., the zones of Piz Tremoggia, 
Marmoré, Mott ’Ota, etc. Marmoré is a promontory below 
Grialetsch, and was the first halting place from which the structures 
on the north side of the Engadine were pointed out. 

The main stop was made at Grialetsch, where the party had lunch. 
This rocky shoulder is separated from Piz Corvatsch by a corrie. 
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Overlooking the south-eastern side of this are the jagged peaks of 
the Furtschella ridge, formed of mylonitised granite, etc., of the 
crystalline core of the Err Nappe. In marked contrast to these acid 
rocks are the darker serpentinites and gabbroic rocks, which 
constitute the bulk of the Upper and Lower Platta Nappes 
respectively. These rocks ring round the corrie beneath the Err 
Granite, and are separated from the latter by a thrust plane, which 
marks the limits of the East-Alpine structures above, and the 
intensely imbricated Pennine structures below. 

The basic igneous rocks which make up the so-called Platta 
Nappe are probably the original lateral equivalents of the Mesozoic 
sediments of the Sella Nappe. In pre-Alpine times the latter passed 
laterally southwards into rocks of a volcanic province, which have 
now been driven northwards, so that they overlie the sediments and 
form a separate digitation of the Sella Nappe, sufficiently distinctive 
to justify a name of its own—the Platta Nappe. Rocks of the latter 
nappe are not well represented on Piz Corvatsch since they reach 
their maximum development in the Piz Platta region north of the 
Engadine, but become attenuated southwards, until eventually they 
consist of no more than 20 cms. of laminated ophiolites, serpentinites 
and dolomite. They actually form the capping to the Grialetsch 
promontory, and the lowest rocks of the Platta Nappe were closely 
studied here, and were seen to include altered basalts, thin seams of 
radiolarite and a few feet of Trias. Beneath the latter come the 
rocks of the Sella Nappe, already mentioned. 

The interest of the excursion was not confined to the stratigraphy 
and structure of the area, however, for fine glaciers cover much 
of Piz Corvatsch and descend in some cases below the level of 
Grialetsch. Evidence of their former wider extension during the 
Pleistocene is provided by moraines, etc., such as that which encircles 
the outer lip of the corrie mentioned above. Dammed up behind 
this barrier is a small lake. 

During the descent into the Fex valley a succession of rocks and 
schuppen zones was traversed, closely similar to that seen during 
the ascent, but the steeper slope of this U-shaped valley is largely 
ie over, and only the limestones and dolomites form exposed 

edges. 

Prof. and Mme. Staub entertained the whole party to tea at their 
home at Fex, and later in the evening the réles of guests and hosts 
were reversed at an informal dinner at Sils. 


Excursion from Sils to the Bernina Pass, Samaden and Schuls (Lower 
Engadine), Wednesday, 17th September. Directed by R. Staub 
(Ziirich) 
The last day spent under the direction of Prof. Staub was 
devoted largely to travelling and the demonstration of geology on 
the large scale. Between Sils and St. Moritz the position of an 
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inferred early glacial watershed between the Inn and the Mera-Po 
systems was pointed out. The evidence for this lies in the occurrence 
of fragmentary river terraces, which flank the Engadine Valley and 
reach their maximum height in this area. North-east of St. Moritz 
at Samaden a north-west to south-east valley meets the Engadine, 
so that a hill-top placed near this junction occupies a commanding 
position for views. The party ascended one such hill by funicular 
to Muottas Muragl, and from this vantage point Prof. Staub was 
able to demonstrate many of the main features seen during the 
excursion of the two previous days. 

In general, in travelling eastwards, higher East-Alpine Nappes 
are met with, and the peaks surrounding Muottas Muragl are 
carved in the gneissose rocks of the Bernina crystallines which 
overlie the Err Nappe—the latter was the highest of the nappes seen 
-on the previous day. The crystalline rocks of the Bernina Nappe, 
numbered VI in Fig. 23, outcrop over a great area south of the Enga- 
dine, and form the whole of the Bernina group of mountains. 
These rocks cross the Engadine in the St. Moritz region. All the 
outcrops follow the shape of a large “ V,” with its apex pointing 
north-eastwards towards St. Moritz, as shown in the map, Fig. 23. 
This intersection is due to a deep syncline in the nappe structures, 
which lies in the direction of the Inn valley between Maloja and 
Muottas Muragl. 

The Bernina crystallines are overlain by a thin cover of little- 
altered Permian-Jurassic sediments, which form a narrow zone that 
is traversed by the Bernina Valley at several points. This line of 
sediments serves to separate the Bernina Nappe (Lower East- 
Alpine) from the crystalline rocks of the Languard Nappe, the lowest 
representative of the Middle East-Alpine structures to the east. 
Although no time was taken to examine the rocks of the last-named 
nappe, it must be mentioned as it forms the hill of Muottas itself. 

The route southwards along the Bernina Valley provided the 
finest views of glaciers and glaciated peaks seen during the whole 
excursion, particularly those descending from Piz Bernina, such as 
the Morteratsch glacier. A smaller, but yet impressive ice-field 
stretches from Piz Palii towards the road west of the Bernina Hospice. 
Here the party transferred from coach to open railway truck and 
continued southwards for a few miles to a promontory, Alp 
Griim, giving a view as far southwards as the Italian frontier. At 
this point the party lunched, and admired an ideal “ text-book ” 
glacier descending from Piz Palii. This glacier has retreated rapidly 
in late years, and has left behind lateral moraines still retaining 
their sharp crests. The stream issuing from the foot of the glacier 
descends over a rock step by a series of falls eventually entering a 
small lake situated within an encircling terminal moraine. The 
lake is slowly silting up, with the development of alluvial fans. 

In the region of Alp Griim the steady regional southward dip 
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and eastward pitch of the East-Alpine Nappesis disturbed by a 
series of north-west to south-east folds, which involve a nappe- 
separating zone of sediments, which passes through Piz Alv 
(east of the Bernina Valley) and close to Piz Pali. The rocks 
forming this zone are sediments overlying the Bernina crystallines 
and nipped in between the latter and the overthrust Stretta Nappe. 
Towards Piz Palii these sediments are attenuated from a maximum 
thickness of 3,000ft. to a few inches. The Bernina crystallines in 
the region of the Alp Griim glacier include some unfossiliferous 
sediments which may be of Carboniferous age, and which are 
intruded by a variety of igneous rocks ranging from acid to ultra- 
basic. 

The rocks of the Piz Alv syncline were examined in their type 
locality on the return journey northwards along the Bernina Valley. 
The succession of sediments above the Bernina crystallines is as 
follows :— 

Liassic breccias and shales 
Rhaetic shales 
Triassic ‘“* Hauptdolomit ” 
Verrucano conglomerates, etc. 
‘\ Quartz-porphyry 


The most remarkable feature of these beds is the very slight 
degree of metamorphism which they exhibit. The Liassic breccia 
is unusually fossiliferous, though only the more massive fossils, 
such as belemnites, have survived. It is a striking pink-and-white 
penecontemporaneous dolomitic breccia. On Piz Alv the syncline 
is recumbent, and this structure is easily visible from a distance 
because of the colour contrast between the dolomites and shales. 

From Piz Alv rapid progress was made back to Samaden and 
along the continuation of the Upper Engadine to Zuoz. Here Prof. 
Staub left the party at the limits of the area mapped by him. After 
Prof. Boswell had given him a vote of thanks on behalf of the party, 
Prof. Staub presented the Association with one of his beautifully 
engraved maps of the Bernina region as a memento of the visit. 
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Permian 


THE WESTERN PART OF THE LOWER ENGADINE WINDOW 
Scuol—Tarasp—Ardez. Thursday, 16th September 
By J. Cadisch (Bern) and Ed. Wenk (Basel) 


Geology. In the history of the geological exploration of the 
Alps the Lower Engadine is of special interest. It is nearly a 
hundred years since Swiss and foreign geologists began to study the 
various series of strata and the complicated structure of this region. 
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Yet many decades were to pass until the theory of the great overthrust 
nappes (“‘ Deckentheorie ’’) made it possible to find the solution to 
the most intriguing riddle of the tectonics of our region. In 1903, 
the French geologist, Pierre Termier, discovered the ‘“ Lower 
Engadine Window.” He recognised the fact that the erosion 
had here created a gap in the outer crust of the earth, in which 
the series of schists of Central Graubiinden (“‘ Biindnerschiefer ” = 
Schistes lustrés) reappear again under the covering of the gneisses 
of the Silvretta on the one hand and the Engadiner Dolomites on 
the other hand, both having been transported from afar. The 
window, forming an elongated oval, can be followed in a S.W.-N.E. 
direction from Ardez by Schuls to Prutz in the Tirol, ie. a 
length of 55 km. ; the largest width measures 17 km. The whole 
window lies within the reach of an anticline, which shows a com- 
plicated structure, specially at its ends where it disappears under 
thick overlying strata. Only in the gorge of the Schalklbach in 
the lower Samnaun Valley can a simultaneous view of the whole 
anticlinal structure be obtained. . From Schuls a tightly folded part- 
saddle may be seen in the forest-covered hill of Muntana (Crap 
Putér) above Tarasp. 


Stratigraphical succession. The series will be discussed briefly 
in the sequence as they are found today (nappes), and according to 
their age from bottom to top. 

1. The basal Béndnerschiefer constitute the nucleus of the 
window-anticline. This series, several thousand metres thick, of 
alternating calcareous, argillaceous and siliceous schists, has not 
yet been definitely divided into stratigraphical divisions. According 
to their age they belong to the Mesozoic Group (Jurassic and 
Cretaceous). Of approximately the same age are “ green-stones,”’ 
i.e. layers of basic igneous rocks, which are intercalated with the 
schists at Piz Mondin, at Weinberg (Vinadi) and Hochfinstermiinz. 

Only locally a higher tectonic element of the Biindnerschiefer 
(Penninicum) is to be found near Schuls. The largest complex 
forms the outlier of the Stammerspitze in the Val Sinestra, of 
Triassic dolomite, and breccias and calcareous slates of Liassic age. 

At different tectonic levels in the whole Lower Engadine Window 
there occurs an Ophiolite Series of Mesozoic, in parts of certain 
Upper Cretaceous age. These green-stones (ophiolites, basic and 
ultra-basic rocks), which in all normal sections underlie the Tasna 
Series (in the Clemgia section the Ophiolite/Tasna Series is doubled, 
separated by a shear-plane) consist predominantly of diallage- 
serpentine, which forms long and thick zones, specially along the 
south-eastern part of the window. In the serpentine there are 
several dykes of Mg-Fe-carbonates (breunerite, siderite, dolomite, 
associated with a nickel-hydrosilicate and chromite), for example, 
at Clemgia, and Pradella Briicke. Apart from the serpentine and 
associated ophicalcite the ophiolitic series is represented by diabase, 
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spilite and variolite. These alkali-basaltic rocks often show 
pillow-lava structure (e.g., along the Ardez-Schuls road). 

2. The Tasna Series (Lower East-Alpine) have their largest 
outcrops and attain their greatest thickness on the north side of the. 
Inn Valley near Ardez and Fetan and in the lateral valleys of Val 
Tuoi, Val Tasna and Samnaun. 

a. Tasna-Granite is to be found almost exclusively in the south- 
west (Suren, Ardez, Laret, Fetan). The principal rock type is a 
medium-grained granite rich in silica and alkalies with white or 
reddish, often sericitised alkali-felspars, greenish saussuritised 
plagioclase, grey quartz grains and chlorite. There are transitions 
into granodioritic and quartz-dioritic rocks and the hypautomorphic- 
granular types grade into porphyritic rocks of the border facies. 
The Tasna-Granite is very similar to the granite met with in the 
Albula tunnel and the green quartz-dioritic or dioritic variations 
closely resemble rocks found along the Julier Pass. The Palaeozoic 
Tasna-Granite is intruded into crystalline schists, which represent 
a psephitic to psammitic series mixed with tuffaceous material and 
porphyries (conglomerate-gneisses with tuffaceous matrix, mica- 
quartzites, mica-plagioclase-gneisses, sericite-schists, metamorphic 
arkoses, etc.). In this sedimentary series, rich in mica, plagioclase 
and quartz, occur very coarse-grained dioritic rocks of doubtful 
origin (pegmatites of palingene origin ?). They are found in irregular, 
isolated veins, lenses and pockets. 

The remainder of the Tasna Series consists of : 


b. Triassic dolomite. 

c. Lias-breccias ; sparry limestone with belemnites, known as 
“* Steinsberger Lias.” 

d. Calcareous shales (not very thick), green and red clay-slate. 

e. Neocomian, sandy limestones of the Lower Cretaceous. 

f. Limestones of the Urgonian and Aptian (the equivalent 
of the Schrattenkalk of the Helvetic Zone). 

g. Gault, mainly green quartzites and sandstones. 

h. Mostly light-coloured, marly limestones of the Upper 
Cretaceous, locally full of Foraminifera (Globigerina, 
Globotruncana). 

i. Flysch, Upper Cretaceous, possibly also Tertiary, slaty, 
dark-coloured sandstones, calcareous and marly slates. 


3. The series of the Lower Engadine Dolomites (Scarl Nappe) 
comprises Bunter, Muschelkalk, Wetterstein-dolomite, dolomites 
and coloured shales of the Raibler-stage (Carnien) and Hauptdolomit 
(Norien), found in the valley of the Inn above a base of old crystal- 
line rocks (gneisses, etc.). Above follow coloured Jurassic breccias 
and limestones as well as red radiolarites from the summit of the 
Piz Lischana, which are approximately of the same age and have 
been known for a long time. 


FIELD MEETING IN SWITZERLAND 219 


| 4. The Silvretta Nappe has to be considered as an overthrust 
mass from an old mountain range, transported en. bloc from the 
south-east. The same applies to the Oetztal Nappe further east. 
The more important rocks of the Silvretta Nappe are gneisses of 
granitic composition, paragneisses, and amphibolites. 


__ Geological description of the environs of Schuls-Tarasp. The 
village of Schuls lies within the basal Biindnerschiefer, which are 
mostly hidden underneath a thin covering of moraines, underneath 
screes and vegetation. The depression of Unterschuls is a part of 
a former river-bed of the Inn (epigenesis). The station stands on the 
edge of a late-glacial gravel-terrace (in the Romance language 
named Cuttiira plana). The road from Schuls to the Kurhaus Tarasp 
crosses another, lower, well-preserved terrace near Brentsch. 

On the road to Fetan a number of outcrops of the basal Biindner- 
schiefer, which dip towards the valley, are to be seen. The steeple 
of the church of Fetan, which is leaning to one side, stands on a 
large rock of Tasna-Granite, an outlier of the Tasna Nappe. As 
gypsum is found nearby, the soil slips below the village are probably 
due to this soft, easily soluble material. 

The region of Ardez is well adapted to the study of the Tasna 
Series. The hilly country to the east of the castle of Steinsberg is 
formed mainly of Tasna crystalline rocks. On the road to the 
Tasna bridge below follow serpentine, spilite and variolite, i.e. 
ophiolites, then a layer of calcareous shales, gypsum. and finally 
the continuous series of the basal schists. Above the Tasna- 
crystalline we find Triassic dolomite and the Lias of Steinsberg. 
At the western end of the village there is an outcrop of sandy 
limestones of the Neocomian, of younger Cretaceous and as the 
youngest, Upper Cretaceous limestones with a weathered surface 
full of holes. These holes, with an average diameter of a few 
centimetres, are still in the process of formation today. They have 
been falsely explained as having been made by human beings. 
The people name this locality “‘ plattas da las strias ” (table of the 
witches). 

View of the Lower Engadine Dolomites and their substratum. 
To the south of the Inn the basal Biindnerschiefer reaches as high 
as the castle of Tarasp. The contact with the Tasna Series lies 
just to the south of the castle, as lenses of crystalline rock can be 
seen near Sparsels (Muot da la Crusch). At the edge of the forest 
above Chaposch these lenses correspond to a thicker layer of Tasna- 
Granite. Ophiolites are also to be found in this zone. Above the 
Tasna-Crystalline follow several hundred metres of serpentine, 
which strike across the Clemgia-Gorge to the east, where Palaeozoic 
quartzphyllites with granitic injections form their substratum. 
Overlying these is the attenuated Tasna Series forming the immediate 
base of the Nappe of the Dolomites (Plate 17). Even if the mountains 
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cannot be seen in a traverse section from the other side of the valley, 
the incomplete frontal fold of the Nappe can be recognised in the | 
Hauptdolomit of the Piz Pisoc, Piz San Jon, Piz Lischana, and Piz 
Schalambert. To the east (near Martina and Strada), the crystalline 
of the Oetztal Nappe was thrust over the dolomites in a later 
orogenetic phase. The most easterly dolomite mountain (Piz 
Lad) does not belong to the Dolomite Nappe, but is separated from 
it by a lense of Oetz-Crystalline. Piz Lad is formed of a remnant 
of the original sediment-covering of the Oetztal Nappe. 

The Mineral Springs of Schuls-Tarasp. The Spa of Schuls- 
Tarasp-Vulpera owes its fame chiefly to the large number of springs 
with high carbon dioxide content. Below Tarasp we first reach the 
Bonifacius Spring with alkaline-earthy bitter water, which is piped 
to the Kurhaus Tarasp. Further down the river are a few other 
springs which are no longer in use. Out of the Bindnerschiefer 
rocks of the right side of the Inn flow the long-known alkaline 
Glauber salt springs called Luzius and Emerita. Their characteristics 
closely resemble those of the Karlsbader springs. In the park of the 
Kurhaus, on the other (northern) side of the river two intermittent 
springs were found in 1930-31 by drilling. Above the village of 
Schuls are other springs with a high carbon dioxide content, Vi 
and Sotsass, the water of which is used for drinking cures and mineral 
baths. 

In Schuls there are three fountains with mineral water ; also in 
the nearby village of Sent strongly mineralised water is used as 
drinking water by the inhabitants. All these facts combine to show 
the extent of the spring-phenomena of this region. 

In the centre of the window, in the Biindnerschiefer, lie the 
arsenic chalybeate springs of Val Sinestra with a high content of 
salt (at the same time a lithium, chalybeate and boracic spring). 
These springs give the remarkable amount of two litres per second 
of mineralised water. 

Several theories have been proposed to explain the origin of the 
Lower Engadine Springs. We agree with the following explanation 
of W. von Giimbel : the carbon dioxide is of magmatic origin, whereas 
the various salts are derived from the shales. The extremely high 
state of crushing which these rocks show facilitates their leaching. 
Fissures and faults are used by the water on the last part of their 
way to the surface. The “‘ New Bath-Spring ” flows out of a typical 
fault, which can be seen on the right side of the Inn just below the 
little iron bridge. The magnesite veins of the neighbourhood (for 
instance, the Clemgia-Gorge) can be regarded as former fissures 
through which springs used to flow. The spring of Pradella below 
Schuls has its origin in a vein of dolomite in the serpentine. 

If we look at a tectonic map of the Alps, we see that the Lower 
Engadine mineral springs are situated, together with the other 
mineral springs of Graubiinden, in the border-land between the 
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west and the east Alpine Bend, i.e. in a section of the range that 
lay under an exceptionally heavy strain due to the changing of the 
directions of the thrust. 


Excursion across the crystalline of the Upper East-Alpine Silvretta- 
Nappe (Fliiela Pass). Friday, 19th September 
By E. Wenk (Basel) 

Lithological Units 

The crystalline of the Upper East-Alpine Silvretta Nappe is 
formed in almost equal parts of a series of paragneisses and 
amphibolites and of orthogneisses of granitic composition. Among 
the paragneisses the normal biotite-plagioclase-gneisses are the 
most important. More rarely rocks are found which contain garnet, 
staurolite, cyanite or andalusite. The paragneisses represent a 
monotonous series of sediments, which were originally argillaceous 
and arenaceous-argillaceous. They and the amphibolites are the 
oldest rocks of the Silvretta crystalline. The plagioclase-, garnet-, 
epidote-, and biotite-amphibolites and the eclogite-amphibolites are 
characteristic of the Silvretta, and form about 20 per cent of all the 
rock types, and it is doubtful if similar rocks are to be found in such 
abundance in any other parts of the Alps. Despite the variety of 
these basic gneisses and amphibolites, rocks of gabbroic texture 
are very scarce ; most of the amphibolites have been considered to 
represent the marly layers of the argillaceous series because of their 
transitions to the paragneisses and because they are sometimes 
finely interbedded with the latter, the single beds often being only 
a centimetre in thickness. The most important type of orthogneiss 
is a coarse-grained granitic augen-gneiss, which can change to a fine 
to medium-grained muscovite-alkali-feldspar-gneiss. These ortho- 
gneisses represent a granitic intrusion which is characterised by a 
high content of silica and potash. The geological relationships, 
the injection and assimilation phenomena and the structure of the 
orthogneisses, all show that this acid magma was intruded during 
orogenic movements into a covering of paragneisses and amphi- . 
bolites, which became partly fused and assimilated. The youngest 
rocks of the Silvretta crystalline are diabases which occur in 
dyke-swarms. These dykes are younger than the metamorphism 
and the folding of the gneisses, but on the other hand they are 
older than the Alpine movements. 


Tectonics . 

The pre-Permian crystalline of the Silvretta Nappe is a block 
of old contorted rock (Grundgebirge), which was removed from its 
original substratum and thrust towards the north-west by the Alpine 
folding. The nappe character of this overthrust mass is proved 
clearly in the whole region of the Lower Engadine, in the Pratigau 
and in the Landwasser Valley. Everywhere, where the base of the 


222 M. K. WELLS AND OTHERS 


nappe with its general absence of dip is exposed, the old Silvretta 
gneisses lie on the slightly metamorphosed Mesozoic (to Tertiary) 
strata of the lower tectonic elements. 

In the Ducan region (Geologischer Atlas der Schweiz, sheet 9, 
Scaletta) the Silvretta gneisses with their almost vertical dip and 
weathered surface are normally overlain by unmetamorphosed 
Mesozoic sediments. Not only the presence of this unconformity, 
but also the fact that the structure-lines within the Silvretta crystalline 
are cut discordantly by the base and the lateral limits of the nappe, 
proves that the internal tectonics and the metamorphism of the 
Silvretta crystalline are chiefly older than the Alpine folding. 

The structure of the Silvretta crystalline and of the other Upper 
East-Alpine crystalline complexes ‘differs in a high degree from that 
of the Pennine overthrust folds. Neither frontal bends, nor middle 
limbs nor roots were formed. In contrast to the plastic Alpine over- 
thrust folds of the Pennines with their crystalline core and con- 
formable coverings of highly metamorphic Mesozoic sediments, the 
Upper East-Alpine Nappes are rigid crystalline, overthrust sheets 
of old contorted rocks (Grundgebirge). Their sediments, which 
lie normally on the crystalline substratum or have been moved and 
folded separately from the latter, are not metamorphosed. The 
crystalline of the Silvretta was overthrust as a whole, as a rigid block, 
by the Alpine orogenesis, and only the base, the front and rear 
parts and the zones along a few internal shear planes were imbricated 
and influenced by the Alpine deformations. 

An interesting and characteristic type of structure of the 
Silvretta crystalline is formed by the rock zones, which pitch vertically 
and outcrop in the form of the letter “‘ U.”’ These are the so-called 
“Schlingen,” folds with vertical axes. Some of these peculiar 
structures are folded again within themselves, but this time with the 
axes horizontal. The vertical folds were formed by tangential 
compression. Such Schlingen are characteristic of the Upper East- 
Alpine crystalline of the Silvretta and the Oetztal Nappes and the 
related Insubrian mountains of the southern Tessin. In recent 
years similar loops have been found in the root-zone of the southern 
Swiss Alps ; they are due to the strong tangential pressure on the 
inner side of the Alpine bend. This “‘ Schlingen ” structure of the 
Silvretta crystalline is cut by the diabase dykes, which, however, 
are never found in the Lower East-Alpine or Pennine strata which 
underlie the Silvretta crystalline, nor in the Mesozoic Upper East- 
Alpine sediments. These dykes are certainly of pre-Alpine age, and 
are probably Permian. The occasional foliation or displacement 
of the diabase dykes along shear planes has made it possible to dis- 
tinguish between Alpine and pre-Alpine metamorphism and 
tectonics. The Silvretta crystalline is only traversed by a few 
intracrystalline shear planes and following these post-diabasic planes 
of movement the gneisses have been mylonitised. The Alpine 
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dynamic metamorphism was predominantly of a purely mechanic 
nature. 

The road across the Fliiela Pass (Siis to Davos 29.4 km., water- 
shed 2,384 m.) lies for the larger part in the Silvretta crystalline. 
Unfortunately the road mostly follows the direction of the strike 
of the gneiss zones and well exposed outcrops are rare because of the 
moraine covering. A large paragneiss-amphibolite-zone, which 
strikes W.N.W.-E.S.E. and dips to the S.S.W., is cut obliquely in 
the eastern and western part of the route. The amphibolites of this 
zone are well exposed near the Inn Tschuggen (between the water- 
shed and Davos). The granite-gneisses which follow to the south 
of the paragneiss-amphibolite-zone, which runs from Siis to Davos, 
form the rocks in the central part of the Fliiela Pass. Good out- 
crops of these coarse-grained granite-gneisses with large augen of 
alkali-feldspar are found in the roches moutonées near the Fliiela 
Hospiz. This light-coloured rock builds the mountains to the 
north of the watershed, the Fliiela Weisshorn (=white horn), 
whereas the sombre peaks to the south of the lakes on the watershed 
are of amphibolite (Fliiela Schwarzhorn=black horn). Further 
south, in the Scaletta region, the amphibolite zone of the Fliiela 
Schwarzhorn forms one of the U-shaped Schlingen structures, 
as mentioned above. 
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Excursion from Davos 
Davos—Weissfluhjoch—Weissfluh. Friday, 19th September 
By J. Cadisch (Bern) 


The village of Davos lies within a region of old crystalline 
rocks enclosing a mass of Triassic dolomite. This dolomite (7)* 
can be followed from the Schiahorn in the west to the lower end 
of the Fliiela Valley (see Fig. 24). It is to be considered as the 
only representative of the Middle East-Alpine Nappe of the Arosa 
Dolomites. Through tectonic movements (repetition of nappes) 
it was thrust between two Upper East-Alpine crystalline elements 
(8-8). At the Seehorn, to the east of the Lake of Davos, the folded . 
frontal part of the Trias shows an axial pitch towards the east, 
so that from here on to the north, crystalline lies on crystalline. 

In order to obtain a first general view of the structure of the 
whole region a trip may well be recommended by the funicular 
to Weissfluhjoch and from there in about an hour on foot to the 
summit of the Weissfluh (2,843.5 m.). On the northern side of the 


* The numbers in brackets refer to the section, Fig. 24. 
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valley called Dorftali the “ Altkristallin”” (old crystalline tocks) 
of the Salezerhorn may be seen from the train. According to 
Alb. Streckeisen they include several different series (paragneisses 
with tourmaline-bearing pegmatites, gabbros and biotite-muscovite- 
gneisses, etc.). To the south of the railway, above the Hohenweg 
station, an intercalation of Mesozoic and Permian rocks (6) in the 
“ Altkristallin ” (5, 8) becomes apparent in the Griinturm. Climbing 
higher, the train crosses the tremendous mass of serpentine (4), 
which continues up to the station of Weissfluhjoch and also forms 
the whole neighbouring region of the Totalp. The junction 
between the “ Altkristallin ” above (5) and the serpentine below (4) 
is a thrust plane. The serpentine forms the highest part of the zone 
of ‘“ Arosa schuppen ” (3). The limestones (but not the dolomites) 
of this zone show a slight contact-metamorphism. Therefore it 
follows that the basic eruptive rocks are of Jurassic age at the most. 


Stat. Wei hjoch 
NNW Weissfluh pac ie 


Schiahorn 


SSE 


* Schatzalp 
eee Davos 


Fic. 24.—SECTION FROM WEISSFLUH TO DAvos. 


1. Flysch, Upper Cretaceous and Tertiary. 2. Falknis-Salzfluh Nappe (Lower 

East-Alpine), Jurassic and Cretaceous. 3. Zone of Aroser Schuppen (L. East- 

Alpine), chiefly Mesozoic. 4. Serpentine, Mesozoic. 5. Old crystalline 

(? L. East-Alpine). 6. Permian and Mesozoic sediments (U. East-Alpine). 

7. Nappe of Aroser Dolomites, chiefly Triassic (M. East-Alpine). 8. Silvretta 
Nappe, old crystalline (U. East-Alpine). 


Adjoining the station at Weissfluhjoch lies the Swiss Federal 
Institute for Snow and Avalanche Research, which was visited during 
the excursion. The studies on metamorphism, stratigraphy and 
tectonics of snow which are conducted here are also of interest to 
ey, ov of geology. (See Journal of Glaciology, Vol. I, No. 3, 

From the station of Weissfluhjoch a good track leads to the pass 
below the Weissfluh. The dolomite of this mountain dips under 
the serpentine along a sharply defined tectonic line, easily traced 
because of the striking colour contrast between the two rocks. 
The Triassic dolomite contains numerous layers of breccias. Often 
there is very little or no cement between the angular dolomitic 
fragments which show a light or a darker grey colouring. The 
formation of the breccias is probably due to a change of volume in 
connection with dolomitisation soon after sedimentation. 
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The Weissfluh offers a panorama which stretches from the 
Wallis and Bernese Alps to the Ortler and from the Tertiary granite 
massif of the Bregaglia to the northern limit of the Alps. There is 
a most impressive view to the west across the low-lying mountains 
of Pennine flysch of Tertiary and Upper Cretaceous age (1). To 
the north-west lie the limestones and dolomites of the Ritikon 
mountain range ; in the south and south-west the Arosa Dolomites 
and the lower tectonic elements of the zone of “‘ Arosa schuppen ” 
and of the Faiknis-Sulzfluh Nappe. 

In the gap between the main summit of the Weissfluh and the 
slightly lower northern peak one finds dark grey Rhaetic limestone 
and, presumably of the same age, a dolomitic breccia with partly 
siliceous cement. To the south of the main summit and enclosed 
in the Triassic dolomite, a wedge of ophiolites, of Rhaetic limestones, 
Liassic calcareous shales and red radiolarites, lies on a tectonic 
crush-breccia. The whole complex is clearly defined by its brown 
colour. 


Morphology : To the east of the Weissfluh the Silvretta Massif 
(Silvretta Nappe) shows pronounced terraces in the higher regions. 
The highest levels at 2,600 m. to 2,800 m. carry the glaciers, and 
the lowest reach down to about 2,100 m. Into this old, probably 
Pliocene, or Pontien, landscape are cut the terrace-steps of the actual 
valleys. They reach from 2,000 m. to 1,538 m. (Lake of Davos), 
and were formed in the Pleistocene epoch. 

The whole system of the high-lying valley of Davos with its 
long lateral valleys (Fluiela, Dischma, and Sertig Valleys) is oriented 
towards the north, which means that the Landwasser at one time 
was a tributary of the Landquart river in the north, whereas today 
it flows to the south. This change of direction was produced by a 
tremendous landslide which broke away from the Totalp (Parsenn) 
and dammed the valley towards the north. In this way the Lake 
of Davos was formed ; it then reached considerably further south 
than it does today. To the east of the station of Wolfgang, on the 
present watershed between the two river systems, the thickness of 
the detritus of the landslide is more than 300 m. Investigations in 
the lower reaches of the Landwasser show that the river must have 
changed its direction more than once during the Glacial Period. 
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Excursion from Klosters to Ziirich 
Klosters—Landquart—Bad Ragaz (—Ziirich). Saturday, 
20th September 
By J. Cadisch (Bern) 


The starting point of the excursion lies on the border between the 
Pennine and East-Alpine overthrust masses. The mountains in 
the north and east are formed chiefly of gneisses (“ Altkristallin ”’) 
of the Silvretta Nappe, which lie on Lower East-Alpine strata. 
In the Cotschna and Casanna range which lies to the south of Klosters 
the zone of “‘ Arosa schuppen ” can be seen very clearly, with its 
Triassic dolomites, Lower Jurassic limestones, limestones with 
Aptychus and red siliceous rocks, probably of Upper Jurassic age 
and with its Mesozoic ophiolites (serpentine, diabase, etc.). The foot 
of these mountains is covered by the detritus of large landslides, which 
is cut through by a wide bend of the railway from Klosters to Davos. 

From Klosters to Landquart the road leads through Pennine 
Flysch of several thousand metres thickness. The age of this 
series has only recently been satisfactorily determined by P. Nanny 
(1941-46). The existence of a stratigraphical sequence from the 
Turonian to the Palaeocene and Lower Eocene has been proved 
with the aid of small but widely spread microfaunas. Cretaceous 
forms include Haplophragmium grande, different species of 
Globotruncana, Siderolites, heracleae, Orbitoides and Tertiary 
ones, Nummulites and Assilina. 

The outcrops at the side of the road as far as Kiiblis are not 
continuous, since the solid rock near Serneus and Saas (on the 
south and north sides of the valley respectively) is covered by large 
old landslides. An abandoned river course which is filled with 
detritus is discernible as a wooded gap in the shales near Strahlegg, 
where the road crosses the river 1.5 km. below Kiiblis. In the 
following gorge strongly folded calcareous shales are well exposed. 
Very instructive fold formations are cut by the road at Fuchsenwinkel 
between the stations of Furna and Schiers. These were closely 
examined and discussed at length by the party. Axes of folds lying 
in two different directions can be seen here in the Middle or Lower 
Cretaceous shales. On Plate 21 the almost vertical fold dips with 
71° to N. 164° E. The pitch of the axes of the other smaller folds 
(upper left of the picture) is 10°-20° to N. 73° E. Others lie hori- 
zontally in the same direction. For the bedding of the strata several 
measurements gave an average strike of N. 70° E. and a dip of 61° 
S.E. One of the fold-systems consequently lies approximately 
parallel to the strike, the other parellel to the dip of the beds. Seen 
in connection with the present position of the strata they are 
longitudinal and transverse folds. The transverse folds are older 
and were influenced in a later phase by the longitudinal folding. 
Where the folding is less intensive well developed two-directional 
cleavage is found. 


Proc. GEOL. Assoc., VoL. 59 (1948). PLATE 21 


[Photo. by J. Cadisch. 


Minor FOLDS IN THE CALCAREOUS SHALES AT FUCHSEN- 
WINKEL, PRATIGAU. 


The axes of the folds to the left lie parallel to the strike, 
and to the right are parallel to the pitch. 


[To face p. 226. 
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At the same location the Landquart river flows through a post- 
glacial gorge. An older river course which is filled with moraine 
lies somewhat further to the north. The present river bed is there- 
fore of an epigenetic nature. 

The wide valley floor of Schiers and Griisch lies on the site of a 
late-glacial lake. Its deposits can be seen on the north side of the 
valley as delta gravels (for instance, near the ruin of Solavers and 
the road to Seewis). Towards the end of the valley, specially in 
the gorge called “ Clus,” a westward rise of the axes of the mass 
of shales becomes more and more pronounced. At Landquart 
in the Rhine Valley one is on the border between the Helvetic Nappes 
(Mesozoic and Tertiary of the Calanda mountain) in the west and 
the Pennine Flysch in the east. 

On the road between Landquart and Ragaz in a quarry at Loch 
a dark grey limestone with Nummulites is worked which has been 
used for over a hundred years for buildings under the name of 
“Marble of Ragaz.” According to W. Leupold this limestone 
is of Lower Eocene (Assilina granulosa, Nummulites kaufmanni, 
N. distans, etc.) and Basal Lutétien age. From a tectonic point of 
view it is Ultra-helvetic Flysch folded under the lower Helvetic 
elements. 

The Tamina Gorge and the thermal spring of the well-known 
Spa Ragaz-Pfafers form two interesting features, which can be 
reached from Ragaz in a few minutes by car and in an hour on foot. 
At the mouth of the Tamina Gorge on the east side of the stream 
marly shales of the Upper Senonian (Wildflysch) are well exposed. 
On the path leading to the spring one first finds further Wildflysch 
shales, then autochthonous Helvetic Tertiary (sandstones, shales 
with Globigerina, glauconitic sandstones with Assilina), which, 
together with the Wildflysch, are strongly folded and imbricated. This 
Tertiary lies on an anticline of dark, Upper Cretaceous Seewer 
shales. Out of these flow the thermal waters following a fracture 
line in the depths of the gorge. The spring belongs to the acrato- 
thermal group. Amongst the chief constituents are: calcium, 
magnesium, sodium, bicarbonate, chloride and sulphate. The whole 
mineral content is 0.420 g/litre. Further figures concerning 
the spring are: temperature 37° C. (98.6° F.), average flow 3335 
litre/min.. By means of pumping experiments it has been proved 
that a subterranean thermal water reservoir of 1,700,000 m3 
must exist. The flowage of the spring is dependant on the water 
resulting from the melting of snow in spring-time rather than on the 
amount of rainfall in the other seasons. From this Alb. Heim 
concluded that the water must come from a region at high altitudes. 
He supposed that the water flows exclusively through Cretaceous 
sediments and that its mineral contents must be derived from them. 
But because of the analyses of F. P. Treadwell (1894) and Y. Schappi 
and O. Giibeli (1944), which showed a relatively high content of 
sulphate, chloride and silica, it must now be assumed that the water 
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penetrates the Helvetic series in the lower Alpine regions down to 
the salt-bearing Trias and the old crystalline rocks which are rich 
in silica, whence it ascends again and reaches the surface along 
the fracture, already mentioned, in the Upper Cretaceous. 

After visiting the spring, the proprietor of the hotel at Bad Ragaz, 
Mr. Bally, provided the party with an excellent lunch. No further 
stops were made after this in view of the length of the journey to 
Ziirich (141 km.). The last impressive geological feature noted was 
that of the limestone precipice along the north shore of the Walensee, 
formed by rocks of the Santis Nappe, where they are thrust north- 
wards over the Molasse. For details of this remaining part of the 
route, the reader is referred to the “ Geologischer Fiihrer der 
Schweiz,”’ published in 1934 by the Swiss Geological Society. 
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In the evening all the members of the Association and the Swiss 
Directors gathered together for refreshments and informal enter- 
tainment and for farewell speeches. Unfortunately Prof. Burri, 
Prof. Staub and Dr. Wenk could not be present. Prof. Boswell 
spoke of the great work that had been done by Swiss geologists 
in the field of tectonics, and Prof. T. C. Phemister added his tribute 
to their contribution to petrology, especially of the metamorphic 
rocks. Both speakers praised the excellent way that the whole 
excursion had been arranged: an opinion that was endorsed by 
everyone present. Prof. Niggli replied on behalf of himself, Prof. 
Cadisch and the other Directors. Finally, Dr. Bull proposed a 
vote of thanks to the two secretaries: to H. Schaetti, who had 
greatly assisted Prof. Cadisch in making the initial arrangements, 
and had been of the greatest help to the party in innumerable 
ways during the excursion; and also to M. K. Wells for his 
part in making the travelling arrangements, etc. 


Sunday, 21st September 


In the morning a farewell reception was given in the Mineralogy 
Department of the Eidgendssische Technische Hochschule at Ziirich 
by invitation of Prof. Niggli. The whole Department was open 
for inspection and special interest was shown in the geological 
models, many of which illustrated areas covered by the excursion. 
For those having a special mineralogical interest there was an 
impressive array of minerals, crystal models and X-ray apparatus, 
which was demonstrated by Prof. Niggli and his assistants. 
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WHITSUN FIELD MEETING TO THE ISLE OF 
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Report by the Director : T. Barnard, B.Sc., Ph.D., D.LC., F.G.S. 


[Received 20th July, 1948] 


Friday, 23rd June, 1947 


SANDOWN was selected as headquarters, and a party of 22 

members assembled during the evening at the Balmoral Hotel. 
\fter dinner, taking advantage of the good weather, a party of six 
valked with the Director north-eastwards along the foreshore, 
Se (unsuccessfully) for vertebrate remains in the Wealden 
3eds. 


Saturday, 24th June, 1947 
Sretaceous and Lower Tertiary Beds of the eastern end of the Island 


The party, numbering 25, went in brilliant sunshine along the 
andown promenade, past the Canoe Lake to theend of the sea-wall, 
vhere the first exposure of the Wealden Marls was seen. Between 
his point and the old Yaverland sea-wall most of the section is 
oncealed by slumping, but sufficient was seen to study the main mass 
f green and red variegated clays and marls, together with the harder 
reenish siltstones. Much lignite was seen, but the chief lignite 
ands are now obscured. The Wealden Shales were better exposed, 
nd several of the more important lithological types were described. 
‘he conditions under which the Wealden Marls and Shales were 
1id down were discussed. Cyrena media J. Sow., Viviparus elongata 
. Sow., and Ostrea distorta J. de C. Sow., were collected from the 
ands of limestone occurring towards the top of the series. 
stracods were obtained from the black “ paper” shales. The 
Jirector drew attention to the difference between these paper shales, 
yhere the bedding planes are crowded with ostracods, and those of 
ae Lias, where micro-crystals of selenite indicate the decomposed 
yssils. The changes in lithology and fauna towards the top of 
1e Wealden Shales, marking the oncoming of marine conditions, 
rere then studied. Black limestones containing Ostrea distorta 
de C. Sow., together with beds containing “ Beef,” were seen 
. situ. 

The four major divisions of the Lower Greensand : (4) Carstone, 
}) Sandrock Series, (2) Ferruginous Sands, (1) Atherfield Clay, 
ere studied in ascending order at Redcliff. 
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At the base of the Atherfield Clay the Perna Bed was well exposed 
at low tide. It was seen to consist of the following beds :— 


Ferruginous grit (1ft. 6in.), containing many fossils, including 
Pleuromya sp., Perna mulleti Desh., Holocystis elegans 
Lonsd., Corbis corrugata J. Sow. 

Blue sandy clay (3ft.) with fossils as above. 

Grit (6in.) containing many rolled fossils. 


The pale blue clays of the Atherfield Clay yielded Deshayites 
deshayesi (Leym), Pinna robinaldina dOrb., Panopaea_spp., 
Echinospatagus renevieri Wright. The correlation of the Lower 
Greensand with that of the mainland was discussed, and an account 
of the mode of origin of the various divisions was then given. 

The Gault was seen to occur in a large slumped hollow between 
Redcliff and Culver Cliff. Only pyritised casts of Inoceramus 
concentricus Park. were collected. 

The glauconitic sands and chert beds of the Upper Greensand 
were next examined, and the origin of both glauconite and chert 
discussed. The Lower Chalk yielded many fossils, the succession 
being well seen in both the cliff-section and on the reefs of the 
foreshore. 

The ‘“ Chloritic’’ Marl contained Stauronema carteri Sol., 
Aequipecten asper (Lam.) and Cardiaster fossarius Benett. Ploco- 
scyphia labrosa (T. Smith) was abundant enough to form well- 
marked reefs. 

Next the party returned to the Gault hollow, ascended the cliff 
by the footpath, and walked to the top of Culver Cliff, where the 
history of the E. Yar was explained, together with a general account 
of the southern half of the island. The party then had lunch on the 
north-facing slope, and here the Director gave an account of the 
drowned E. Yar valley, together with the history of the separation 
of the island from the mainland. 

The party then descended into Whitecliff Bay and continued 
southwards to study the Chalk (Zone of Belemnitella mucronata). 
The vertical black flint bands were well seen and several fossils found 
senna one fine specimen of Echinocorys scutatus var. subconicus 

ryd. 

Returning northwards over the Chalk, the party found that the 
Cretaceous—Tertiary junction, together with the outcrop of the 
Reading Beds, was completely obscured by slumping resulting from 
the effects of the previous bad winter. It was possible to examine 
certain beds within the London Clay, although much slumped. 
The Basement Bed with Ditrupa plana J. Sow., was located, together 
with several beds characterised by an abundance of Pholadomya 
margaritacea J. Sow., and Pinna affinis J. Sow. Septarian nodules 
were seen on the foreshore, where they had been washed out from 
the clay. They contained Pectunculus brevisostris (J. de C. Sow.), 
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together with the fossils mentioned above. The sandy nature of 
the beds compared with the more clayey beds of the type locality was 
discussed. The white and buff sands of the Bagshot Beds were 
rapidly passed. The Bracklesham Beds were studied in more 
detail, and, although they are badly slumped, it was possible to 
locate the Cardita and Cerithium giganteum Beds with their 
numerous fossils. Higher in the series the ‘ Brook Bed” with 
Corbula subpisum J. Sow., and the Tellina Bed with Tellina 
dunacialis Lam., were located. The characteristic Nummulites 
were also found. Due to their being largely obscured by slumping, 
the Barton, Headon and Osborn Beds were passed over rapidly, 
only the varying lithology being seen. The party then walked 
north-eastwards to the Bembridge Limestone outcrops; these 
conspicuous reefs were seen to be composed almost entirely of 
Limnaea longiscata (Brongn.) and Planorbis euomphalus J. Sow., 
together with nucules of Chara tuberculata Lyell. The party 
then returned to the main gully formed by slumped Barton Beds 
and ascended the cliff path to have tea at the Golf House on Peacock 
Hill. The return was over Culver Down, but a sea-mist had 
descended and spoiled the views. 


Sunday, 25th June, 1947 
A Tour of the Island 


A party of 28 left Sandown Esplanade by coach at 9.30 a.m. 
Taking the Newport road at Lake, the route crossed a wide outcrop 
of Carstone, with occasional sections exposed in road cuttings. 
Passing westwards through Arreton the coach was stopped below 
St. George’s Down (360ft.). Here Mr. W. Dack (the Secretary) 
explained the significance of the gravels capping the Down. 
Turning north towards Newport, the large area of Cretaceous 
rocks around Gatcombe and Cheverton Down was seen on 
the west. The route continued westwards through Newport over 
the Hampstead Beds to Shalfleet and Yarmouth, the coach being 
stopped here in order to explain the drowned valleys of the rivers 
Newtown and W. Yar. From Yarmouth the party travelled south 
to Freshwater and then west to Alum Bay, and after descending the 
shore continued south till the Upper Chalk was reached. 

The mucronata Chalk was examined on the south side of Alum 
Bay. Here the cliffs were seen to be formed of vertical beds of 
chalk stretching westwards and forming the Needles. Fossils were 
plentiful, and included the zone fossil. 

The pre-Eocene erosion surface of the Chalk was well seen, 
its uneven eroded surface with hollows being filled with brown 
and green sands. The succession was then studied in ascending 
order from the Reading Beds to the Barton Clay. The lithology 
and the significance of the contained faunas and floras were 
discussed. 
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Most of the collecting was carried out on the outcrops of the: 
London and Barton Clays, which are better exposed here than at. 
Whitecliff Bay. The fauna of the Barton Clay was both abana | 
and varied and consisted of the following: Voluta athleta Sol., 
Mitra parva (J. de C. Sow.), Crassatella sulcata (Solander), together 
with shark’s teeth and Nummulites. From Alum Bay the party 
drove by coach to Freshwater Bay, where lunch was taken. After 
lunch the significance of Freshwater Gate was explained, and the 
break in the W. Yar valley discussed. 

After a brief examination of the Chalk the party left for Brook. 

Descending to the beach at Brook Bay, the party went north- 
westwards to Hanover Point, where the Wealden Marls are brought 
up in an anticline. The nature of the Marls was studied and their 
probable mode of origin remarked upon. Low tide enabled part 
of the ‘‘ Pine Raft” to be seen, and much lignite and silicified wood 
were collected. Several large tree-trunks were seen forming part 
of the Wealden drift-wood. From Brook the party went by coach 
to Atherfield Point, and descended to the shore just north of the 
Coast Guard Station. Here the Wealden Shale succession was 
rapidly passed over until the Perna Bed was reached. This 
bed was well exposed, and collecting from it and the succeeding 
Atherfield Clay produced an abundant molluscan fauna. 

Continuing south-eastwards along the shingle, successive beds 
of the Lower Greensand were studied. The lithology of the beds 
was discussed and fossils collected from the nodules occurring at 
the base of the “Crackers” series, the Lower Gryphaea and 
Scaphites Beds. The occurrence of “nests” of the Brachiopods 
“* Terebratula”’ cf. sella J. Sow. and “‘ Rhynchonella’’ cf. gibbsiana 
J. Sow., was remarked upon. 

Before the party ascended Whale Chine, the Director explained 
the nature of this and the three more southern Chines (Ladder, 
Walpen, Blackgang), together with the succession in each. After 
tea at Blackgang, the party returned to Sandown, seeing on the way 
part of the Landslip exposed in the Undercliff. 


Monday, 26th June, 1947 
Lower Greensand between Sandown and Ventnor, and the Dunnose 
Landslip 

A party of 29 members and friends left Sandown and walked 
southwards along the beach. 

The divisions of Ferruginous Sands were studied between the 
end of the Sandown Esplanade and Little Stair Point. The gentle 
southerly dip enabled a study to be made of the lower three divisions 
before the Little Stairs Faults, bringing down the upper two divisions, 
were reached. 

For some distance south of Sandown Esplanade the lower part 
of the cliff was found to consist of a greenish-grey sand with a white 
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calcareous cement, together with the two main bands of ferruginous 
concretions. Fossils were few and consisted of lignite and one 
cast of Trigonia. The next division consisted of about 60ft. of 
stratified sands, with much current-bedding in the middle. Above 
these sands come about 30ft. of coarse greensand having in the upper 
part numerous casts of Exogyra. At Little Stairs Point is the next 
division, a dark loamy greensand, thrown down by small faults. 
Boulders of iron-shot sand containing numerous fossils, Exogyra spp. 
Ostrea spp., Pseudodiadema sp., had clearly fallen from the upper 
division of the Ferruginous Sands. The party walked southwards 
through Shanklin, past Shanklin Chine to Luccomb Chine. South 
of Shanklin Chine the Exogyra “ bands” were noticed and many 
specimens of “ Rhynchonella” cf. parvirostris (J. Sow.) collected, 
together with Siphodictyum gracile Lonsd. and Serpulae. The 
beds forming the base of Shanklin Point are believed to occur at 
higher horizons than those of corresponding lithology on the 
Walpen Chine sections. 

The party ascended Luccomb Chine, and lunched in the fields 
above the Chine. Here Mr. E. C. Martin took the opportunity of 
expressing a vote of thanks to the Secretary and Director. The 
nature of the Chines, the surrounding topography, Nansen Hill, 
and St. Boniface Down were explained on the way to Ventnor. 
The party then returned to Sandown by train. 

The Director wishes to express his thanks to Mr. W. Dack, 
who acted as Excursion Secretary. 
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I. INTRODUCTION 


A SEARCH for oil resolves itself ultimately into a geological 
survey, but one where the controlling factor is of commercial 
rather than academic interest. This gives to it a difference, not so 
much of method or design, but rather of emphasis. The predominant 
concern of the oil geologist is a successfully producing oil well, the 
drilling of which is noted by his Company in “ cost per foot.” It 
is upon results in drilling that he will be judged and his value assessed. 
He tends to think, therefore, in three dimensions rather than in two, 
and measurements, in structure and thickness, assume a greater 
significance than is usual. His search is for facts, rather than 
opinions, and for detailed measurements on which he can base 
reasonably accurate forecasts. The drawing of sections enters largely 
into his scheme of things, for they will be the principal aid to the 
drilling department. From them he tries to indicate the presence 
of water, oil or gas shows, the occurrence of soft beds which may 
cause caving and, more particularly, the position of beds hard 
enough and thick enough to “ carry strings of casing.”” Generally 
it is on such matters that his advice will be needed and consequently 
~ itis on them that his mind is directed in the field, although, naturally, 
he will find much of academic interest. 


In December, 1935, prospecting licences, under the Board of 
Trade (Petroleum Production Act, 1934) were issued to the D’Arcy 
Exploration Co. Ltd. over an area of some 2,200 square miles in 
Southern England. Special areas were selected for study and a 
geological survey on a 6in.-to-the-mile scale carried out by the writer. 
The Company has generously allowed the publication of the results, 
and while my grateful thanks are due to the Directors, it is important 
to record at the outset that its geologists do not necessarily agree 
with all the opinions expressed. 


In the work itself and in the assessment of the value of the areas 
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surveyed from the point of view of commercial oil prospects, two 
important considerations were always kept in mind: 


(1) Are there any direct indications of oil ? 
(2) Are there structures of sufficient magnitude for retaining 
such oil in commercial quantities ? 


Il. GENERAL PROBLEMS 
{1) Oil Indications. 

Such indications are comprised in :—{i) Seepages, (ii) Asphalt, 
(iii) Evolutions of gas, (iv) Bituminous shales, (v) Manjak or 
Ozokerite, and can be divided naturally into two divisions : (A) 
Surface, (B) Subsurface. ; 

(A) Surface. (i) Seepages. In Sussex itself the surface evidence 
for oil rests mainly on an exposure which cannot, strictly speaking, 
be termed a seepage. It is an outcrop of richly impregnated oil- 
sand which outcrops at Chilley (637060'), five miles NNE. of East- 
bourne. Stratigraphically it occurs at about the middle of the 
Tunbridge Wells Sands and was recorded as early as 1833 by Mantell 
[14*, p. 172-3]. The black sandy mass on analysis—by extraction 
with benzine—yields 12 per cent by weight and 25 per cent by volume 
of a black viscous oil which has a specific gravity of 0.995. Out- 
crops of a similar sand, though less rich in oil content, were found 
by geologists of the D’Arcy Exploration Company in the Hailsham 
district [11, p. 166]. 

A very small seepage, the actual point of issue was not traced, 
was. discovered by the writer in a stream course one mile NNE. 
of Mark Cross (587330). This showed itself as thin films on the 
small pools in the stream, but gave no opportunity of collection. 
[It occurs in the Wadhurst Clay. 

(ii-v) None recorded. 

(B) Subsurface or Borehole Indications. These, which are 
more numerous than those at the surface, can be outlined as follows : 

(i) Seepages. In the year 1874 the “ First Sub-Wealden Boring ”’ 
was drilled about three-quarters of a mile SW. of Mountfield Church 
727197). At a depth of 602ft. and in all probability in the 
Kimmeridge Clay, a “ hard light coloured bed, very rich in petrol- 
eum,” was passed through [6, p. 155]. From a boring put down in 
Worth Forest, SE. of Crawley, about 1932, some slight “ oil shows” 
were reported. The records of this well are still confidential. 


(ii) Asphalt. None. 


(iii) Evolutions of Gas. The most important “gas shows” 
ire found in the neighbourhood of Heathfield. In the years 1894-6 


6¢ 


I For brevity and precision, localities are referenced by means of the National Grid printed 
n the latest edidons of the lin. Ordnance Survey Sheets, Nos. 182 and 183. 
* For list of References see p. 268. 
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wells put down in search of water encountered gas in fairly large 
quantities at a pressure of 150-200 lbs. per square inch. The very, 
local nature of this gas was shown when many other borings, put 
down to exploit this “ gas field,” proved failures. The beds from 
which the gas was obtained are either basal Ashdown [5] or top of 
the Purbeck [18]. Several analyses have been recorded of which 
two are appended [27, pp. 112-13]: 


Methane 93.16 91.9 
Ethane 2.94 = 
Nitrogen 2.90 0.9 
Hydrogen — 7.2 
Carbon Monoxide 1.00 — 


Such analyses, with their overwhelming percentage of methane: 
show it to be a “dry” gas—as distinct from a “‘ wet ” one which 
contains definite amounts of the higher hydrocarbons of the paraffin 
or kindred series—and therefore not exceptionally good as am 
indication of an oil reservoir at a greater depth. 

The records of a boring for water at Cuckfield Workhouse 
(334247) give “‘ At a depth of 1954ft. a lot of gas bubbled up ” and 
“* Very hard sandrock, a lot of gas met with after passing through this 
© 219-223ft.’”’ [6, p. 82). It is not easy to decide exactly the strati- 
graphical position of these beds, but in all probability they belong 
to the Wadhurst Clay. No analyses have been recorded. 

(iv) Bituminous Shales. According to Milner [18, p. 148] there is 
one recognisable bituminous shale bed in the well at Heathfield 
Station, in the Purbeck, and he also states : ‘““ At Mountfield there is 
some 1,200ft. of Kimmeridge Clay which contains several marked 
bituminous shale horizons.” 

(v) Manjak or Ozokerite. None. 


Normally one would be inclined to be pessimistic about the 
possibilities of any commercial venture for oil in Sussex on the 
indications outlined above ; but if one goes outside the area stronger 
support is to be found. The evidence from Dorset [11], only 
80 miles to the west of Sussex, shows a series of rocks from the Lower 
Cretaceous to the Lias, which give abundant indications of being 
petroliferous. To the east at Heathfield, Mountfield and Pevensey 
there are good, though not exceptional, indications. If between 
these two areas the Lower Cretaceous and Jurassic rocks were 
sufficiently porous, there was, at the time when the investigation 
began, an even chance that some of the structures might yield oil 
in commercial quantities. Only the drill could prove this. 


(2) Structures 


Concentration of oil can take place in almost any geological 
structure, but it is in the form of the anticline of some kind that the 
majority of those large enough to be developed commercially are 
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found. In Sussex therefore it was necessary to search for anti- 
clines which were of an unbroken nature, sufficient size to be 
profitable, and situated where the whole range of the petroliferous 
rocks of the Lower Cretaceous and Jurassic formations would 
occur, and where the reservoir rocks might be expected to have a 
cover, sufficiently impervious to retain the oil. 

The leading tectonic feature in Sussex is an inclination in a 
southerly direction, often less than five degrees, but there are several 
modifications. These consist of a series of folds often characterised 
by a transverse asymmetry and a disposition en echelon. They are 
attributed to the well-known ‘‘ Posthumous Armorican Folding ” 
of Miocene age. Of these there were at least 11 anticlinal areas 
(see Fig. 26), which could be considered as oil possibilities in Sussex. 
Taking them roughly from west to east they are as follows :— 

(a) Fernhurst. As the core of the anticline is Weald Clay— 
with some 500ft. outcropping—a sufficiently impervious cover and 
the whole range of petroliferous rocks might well be expected. 
Good control is seen to the north, west and south in the easily defined 
Lower Greensand outcrops, but to the east where published maps 
give no details, no idea of the closure can be obtained. Towards 
the crestal area the width of the Weald Clay outcrop is two miles, 
while the length controlled by the Lower Greensand is eight miles. 
This would give an effective area quite large enough to warrant 
testing. The area was not studied in detail, as it is of similar 
geological nature to that of Henfield, which seems to present a much 
more favourable proposition. 


(b) Greenhurst. Except that this is much smaller in extent and 
much “ sharper” in shape, the remarks made for Fernhurst apply. 


(c) Littlehampton. This area was much more seriously con- 
sidered. Some work was carried out by the writer in conjunction 
with C. T. A. Gaster [8], particularly to the north of Worthing. 
A section drawn on this and the evidence given by E. C. Martin [15], 
but not published by Gaster, shows a flat topped anticline of 
considerable size with a core of Middle Chalk (Terebratulina beds). 
The axis runs roughly east and west, and then, slightly curving to 
the south, pitches into the sea, just south of Worthing. Although 
the anticline is particularly well controlled to the north by Upper 
Chalk (beds dipping as much as 38° N. 10° E. towards a syncline 
which brings in the Tertiary) and by exposures of Upper Chalk on 
the sea coast and a few but definite exposures to the west, the 
pitching end to the east presents entirely unknown factors. There, 
the area is completely covered with Recent material, though by 
extensive study of building and trenching operations E. C. Martin 
has lately added considerably to our knowledge [16]. One test well 
at Portsdown [11, p. 176] was being put down on an exactly similar 
type of structure whose closuret on every side was well shown. 


1 For definition see p. 268. 
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If oil had been found at Portsdown, however, it is certain that the 
Littlehampton area should have been tested very early in a drilling 
programme. 


(d) Henfield and (e) Cuckfield are discussed in detail later (p. 
248, et seq.). 

(f) Lewes. This is recorded in the Memoirs of the Geological 
Survey [23] as the anticline of Kingston-near-Lewes. As Upper 
Greensand is exposed at its core, one could expect to meet in a boring 
all the rocks which have been shown elsewhere to contain oil. To 
the north there is excellent control in the Mount Caburn Syncline, 
to the south a long continued southerly dip, which near Newhaven 
brings in the Tertiary, and again, the weakness of the evidence is 
in the east. Here it is partly an obscuring alluvial plain of the Ouse, 
but exposures to the east still showing Upper Greensand indicate 
that the closure is very small and probably not of sufficient magnitude 
to trap any oil that might be migrating towards the north, the area 
of greatest uplift. 

(g) Ashdown. Discussed later (p. 254). 


(h) Grove Hill. This is a narrow but well controlled anticline 
with a core of Wadhurst Clay, with dips up to 7° in the Tunbridge 
Wells Series to the north and 17°, quickly lessening to about 5°, 
on the south. A test well was put down to a depth of 3,500ft. 
by the Anglo-American Oil Company (see pp. 264-5). 

(i) Pevensey. Discussed later (p. 262). 

(j) Heathfield and (k) Mountfield. These can be bracketed 
together as they are both controlled by the Ashdown Sandstone and 
expose Purbeck Beds at their core. Both of them have been tested 
to some extent, Heathfield in the attempted development of the 
*‘ Natural Gas ” and Mountfield with the “‘ Sub-Wealden ” boring. 
No commercially successful oil production has been met with in 
either. 

Summary. The above list is by no means exhaustive of the 
anticlinal folds in Sussex. It gives an idea of some of the general 
problems that were encountered when applications for licences were 
being made, and the reasons why certain areas were covered by these 
licences. It is certain that if oil in commercial quantities had been 
obtained in any of the test areas, extensive 6-inch-to-the-mile surveys 
would have been carried out on them all, and on others which have 
not been mentioned. 


Ill. DETAILED PROBLEMS 


_ This section of the paper, consisting of a description of the four 
areas, Henfield, Cuckfield, Ashdown and Pevensey, where much 
more detailed work was carried out, in large part by the writer, 
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endeavours to deal, not only with the problems which were directly 
attached to oil work, but also with the new evidence which has been 
established in Pure Geology. 

(1) Previous Work. 

The only official maps available are those of the primary survey, 
mapped on the scale of 1 inch to the mile and with the results sum- 
marised in Topley’s classic memoir [28]. More recent work consists 
of the Brighton and Lewes Memoirs [22 and 23], based on a re- 
examination, but not a remapping, and some papers [7, 20, 21} 
on scattered parts of the area. 

(2) Stratigraphy. The geological formations in these areas are 
limited to the two lowest members of the Lower Cretaceous. They 
are (A) Weald Clay, (B) Hastings Beds. 

(A) The Weald Clay. (i) General Characters. The only 
previous attempt to subdivide, in the southern Weald, this mass of 
many coloured clays and shales, with subordinate limestones and 
sandstones, was a remarkable pioneer study by Martin in 1828 [17]. 
He mapped to the west of the country now under discussion seven 
minor lithological units. Unfortunately his divisions were not 
recognisable in their entirety either at Henfield or Pevensey, the areas 
where the Weald Clay was encountered in mapping and drilling. 
On the official maps a lensing mass of sandstones, shales and clays, 
with a maximum thickness of at least 200ft., is shown around 
Horsham, under the name of “‘ Horsham Stone.’”’ Part of its 
outcrop has been recently surveyed by Ferguson [7]. 

In the Henfield-Horsham area three divisions have been 
established by recent work. These, which are quite unequal in 
thickness and varied in character, are outlined as follows :— 


Group III. Yellow. Thickness 350 feet. 
Index Horizon, First Red Clay. 


Group II. Variegated. Thickness 820ft. 
Index Horizon, the Last Strong Sandstone. 
Group I. Buff grey. Thickness 140ft. [7]. 


Group III, which immediately underlies the Lower Greensand, 
is mainly exposed as a stiff yellow or fawn clay, but, when seen un- 
weathered, shows blue-grey and grey clays and shales with some 
ironstone. On the whole it is an unvaried, monotonous and 
persistent group probably extending over most of the areas of Weald 
Clay in the Wealden Area. To the west of the Henfield Area, it is 
broken by two strong sandstones, the higher, thin bedded, fissile 
and fine-grained, with much iron staining, occurs about 290ft. 
below the Lower Greensand, whilst the other, much thicker bedded, 
buff-coloured and of medium grain, outcrops in a stream just east 
of Ashington (180160). 


The group is poor in fossils, but here and there are beds full of 
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smooth ostracods. Occasionally fragments of Ostrea sp. and 
Cyrena are found. 

Group II. This group contains all the representatives of a 
_ freshwater sedimentary series. Blue, grey, red, yellow, fawn, purple, 
mottled clays and shales, some of the latter so dark that they are 
almost black, hardly exhausts the list of colours and tints. Sand- 
stones are of very varied grain, colour, cohesion and structure. 

Strong calcareous beds occur at 240ft. and 710ft. below the 
Red Clay index bed. Platey types are very common, in places 
teaching a thickness of 5-6ft. The sandstone which is used as the 
index horizon between Groups I and II is of the fissile type. There 
is a zone of coarser sedimentation at the bottom of the group. 

Limestones silty in form, in thin (lin.) beds are quite common, 
many showing “ fucoid-like ” markings on their weathered surfaces. 
One strong band of Paludina Limestone, one foot to 15ins. thick 
in its largest development, has been mapped in the eastern end of 
the Henfield Area, and outcrops at Partridge Green (190190). 

A dark brown ferruginous grit, mainly of angular quartz grains, 
with some lydite of a more rounded nature and resembling the 
*carstone’’ in some of the Folkestone Sand pits, occurs in the 
western end of the Henfield Area about 110ft. below the Red Clay. 

Fossils are seldom found, although particular beds may be full 
of them. Ostracods, which have been referred to Cypridea valdensis 
(Fitton) and Cyprione bristovii (T. R. Jones) are common and 
Jamellibranchs such as Cyrena sp. and Unio sp. are found. Fish 
remains also occur. 

Group I. This is, like Group III, of much more uniform 
nature and colour, over the area studied. It is composed mainly 
of clays, some hard and bedded, and of shales which are inclined 
to be silty and merge in places into siltstones or mudstones. The 
general colour is buff-grey where weathered. Good exposures are 
seen north of Denne Park near Horsham (170127). No fossils were 
noted. 
’ Comparing these groups with Martin’s succession [17] it seems 
that Group III would include his highest three divisions, the sand- 
stone 290ft. below the Lower Greensand being comparable, but not 
identical, with his “1st Sand.” No trace of his “ Ist Sussex 
Marble” was noted. Group II would easily include his middle 
three units, but Group I, while practically of the same thickness, 
is of entirely different rock types from his lowest unit “ g.” 

Corroborative evidence has yet to be secured in detail, but some 
scattered observations on boring and field operations yield support 
for the stratigraphical succession established above. Opportunities 
for studying samples from borings were given at Ditchling (eight 
miles E. of Henfield), Brook Street (nine miles NE. of Henfield) 
and Laughton (174 miles E. of Henfield). 
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At Ditchling, where excellent exposures of Group II can be seen 
in the Pottery Works (341181), the red clays giving a dip of about 
44°, two small borings for water were put down. The first (347177), 
about half a mile SE. of the potteries started in red clay, which 
examination of the country to the south showed to be the first red 
clay below the Lower Greensand. The other (341172) started in 
yellow clay. Assuming that Group I still retained its thickness of 
350ft., it was estimated that the first red clay in this boring should 
occur about 140ft. from the surface. Actually 128ft. of grey and 
blue grey shales were penetrated before any red clay was encountered, 
and samples were taken at intervals of less than five feet. Some of 
the shales were full of ostracods. This seems to confirm the 
persistence in character and thickness of Group II at least as far east 
as Ditchling. 

At Brook Street (306267) the well started in Weald Clay and 287ft. 
were drilled before the samples became predominantly sandy. There 
is a well marked sandstone at a depth of 207-210ft., i.e. about 80ft. 
above the Tunbridge Wells Sand. This is followed by grey and grey- 
green clays and shales of a silty character, some merging into mud- 
stones comparable with those of Group I. Here there are the same 
rock types, but a possible thinning from 140 to 80ft. 

At Laughton, where the local terrain has not been studied, a 
boring for water (495136) went to a depth of 1,070ft. This passed 
through 380ft. of Weald Clay before entering a predominantly 
sandstone formation. The strata, as shown from examination of 
samples in possession of the Brighton Corporation Water Dept., 
consist of brown, grey and green-grey clays and shale with some 
mottled ones, no limestones, but two sandstones, one at 69-77ft. 
and the other at 277-290ft., where there are some thin beds divided 
by clay. The formation above the lower sandstone fits quite well 
into Group II, whilst the lowest 100ft. is of hard grey clay of a silty 
nature. This compares favourably with Group I except that it 
is a little thinner. The presence of floods of siderite in small 
sphaeroids is a feature of the Weald Clay in this well. 

At Pevensey, which is about 35 miles to the ESE. of Henfield, 
6-inch-to-the-mile mapping, and the drilling of a series of shallow 
holes, showed that even at this distance the same three groups in 
the Weald Clay can be recognised. There has been, however, very 
great thinning in the whole formation, as it is only some 220ft. 
thick and made up as follows :— 


Group II Yellow 90ft. 
Group II Variegated S5ft. 
Group I Grey 75ft. 


Finally, it may be mentioned that, to the west of our area, S.W. 
Wooldridge has traced around Fernhurst two strong sandstones 
about 400ft. below the Lower Greensand. Beneath the lower 
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sandstone are bright red clays, whilst the higher beds are said to 
consist of “clays, blue-grey in colour, weathering brown ” [10, 
p. 136). This suggests that between 350 and 450ft. of Group III 
are developed in West Sussex. 


Summary. Where mapping has been carried out the stratigraphic 
groups outlined above were found to be recognisable and capable 
of being traced. The corroborative evidence, though scattered, 
suggests the persistence of both Groups III and I in rock type, 
but with a thinning to the east. It is Group II that is subject to most 
variation in both rock type and thickness. Indeed, this would agree 
with the published map with its “‘ lens ” of Horsham Stone, which is 
included in this group. More extensive mapping on a 6-inch-to- 
the-mile scale would be necessary to prove the real value of this 
grouping over the whole southern flank of the Wealden Anticlinal 
Area. 

(ii) Thickness Measurements. The main difference, however, 
from previously published work lies in the estimates of thickness, 
since the new measurement of 1,310ft. in the Henfield-Horsham 
area is far in excess of anything previously given. The author of 
the latest memoir which covers the main part of this area writes : 
“ The thickness of the Weald Clay in this part of Sussex is probably 
fully 600ft., and may be a good deal more to the west of the 
River Adur” [22, p. 10]. 

Apart from the traverse from which the above thickness was 
estimated (see p. 248), some supplementary evidence may be given. 
A glance at the 1l-inch maps (Sheets 302 and 318) shows that there 
is an orderly sequence of Lower Greensand, Weald Clay and 
Tunbridge Wells Sand about a mile and a half east of Henfield. 
The width of outcrop of the Lower Greensand is 0.6 miles and of the 
Weald Clay 4.3 miles. According to Kirkaldy [9] the thickness 
of the former is approximately 270ft. This will give an average 
dip of five degrees. To the north the dip of the Tunbridge Wells 
Sand was estimated from a series of spot heights taken with an 
Abney Level to be three degrees NE. of Cowfold, where a strong 
sandstone bed, forming a marked feature and with excellent out- 
crops, was ‘‘ walked ” for about a mile. It is, of course, impossible 
to claim that the mean dip of these (four degrees) must be effective 
over the 4.3 miles that intervene, but on the supposition that it 
may be, the thickness would be approximately 1,580ft. So, the 
width of outcrop, with controlling dips, and a gently dipping series 
on the flank of an anticlinal area, lends stronger support to a thick- 
ness of 1,310 rather than 600ft. 

Boring evidence, so often based merely on drillers’ reports, cannot 
be used without reservation, but good indications of the strata 
may be given in the case of hard and soft beds. Then, unless the 
surface geology of the country surrounding the boring is well 
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known or well mapped, it is dangerous to equate “ depth penetrated ” 
with “ stratigraphical thickness,” for stratigraphical thickness 
equals depth penetrated multiplied by the cosine of the angle of dip. 
The difference is small only when the dip is shallow. Results from 
drilling unaccompanied by accurate mapping are very unreliable 
thickness guides in a faulted area. : 

Bearing these facts in mind, a well drilled near Billinghurst [6, 
pp. 57-8] may be claimed to support a stratigraphical thickness for 
the Weald Clay of more than 600ft. The well is situated (806250) 
2.8 miles from the nearest Lower Greensand and about six miles 
from the Tunbridge Wells Sand. It penetrated 602ft. of beds © 
which were predominantly clayey with no large amount of sandstone 
which could be regarded as Tunbridge Wells Sand. From its 
description and position it may be regarded as Weald Clay Group II. 

Stronger evidence is afforded by the well at the Lewes District 
Workhouse, East Chiltington, 104 miles E. of Henfield (382172) 
and nearly in the middle of the outcrop of the Weald Clay. Whitaker, 
who examined samples taken at five feet intervals, stated that to 
895ft. ‘the whole may be summarised in one word, clay” [29, 
pp. 242-3]. Subsequent deepening showed dark sandy clay 
extending to 957ft. Whitaker, working on an estimated thickness 
for the Weald Clay of 600ft., found great difficulty in accounting 
for this figure of 957ft. of clay. Surely it is more reasonable 
to suppose that the estimate of 600ft. is in error, than to follow 
Whitaker in suggesting that some disturbance, presumably a fault 
of gentle hade, has caused 400ft. of Weald Clay to rest directly 
on one of the clayey divisions of the Hastings Beds. Nowhere in 
the Weald are any of these clayey divisions known to reach a 
thickness approaching the required 550ft. Indeed a more recent 
memoir suggests : ““ Nowhere in Sussex has the full measure of the 
Weald Clay been taken. It is commonly estimated at about 600ft, 
but the great thickness (957ft.) of unbottomed clay encountered in 
a boring . . . raises the suspicion that this estimate is far too 
low” [23, p. 28]. 

From the work carried out in the neighbourhood of Pevensey 
(p. 242) and from the record of the well at Laughton, where, assuming 
an average dip, the thickness of the Weald Clay would be about 
700ft., it is certain that the new estimate does not hold for the whole 
of the southern flank of the Anticlinal Area. There is a thinning 
of some kind or other to the east, though the thickness of 1,300ft. 
might be retained as far as East Chiltington (370150), and careful 
detailed mapping of the boundary lines and of the groups may 
eventually solve the problem. 


(B) The Hastings Beds. (i) General Characters. These beds, 
reaching in their maximum development a thickness of some 1,200ft., 
are composed of light-coloured sands and soft sandstone masses, 
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separated by clays. The clays vary in thickness and in number, 
and are, generally speaking, subordinate to the sands. 

The group has been subdivided in previous publications, including 
those of the Geological Survey, as follows :— 


; ‘Upper Sands with Cuckfield Clay. 
Tunbridge Wells Sands< Grinstead Clay. 
Lower Sands. 
Wadhurst Clay. 
Ashdown Sands (with Fairlight Clays). 


In those areas which the writer has mapped in detail this classi- 
fication has been retained, except for a slight alteration in the 
Tunbridge Wells Series, which have been subdivided into :— 


‘ Upper Tunbridge Wells Sandstone. 

Cuckfield Clay or Balcombe Clay. 
Tunbridge Wells Sands<~ Middle Tunbridge Wells Sandstone. 

Grinstead Clay. 

Lower Tunbridge Wells Sandstone. 


The lithological characters of the various subdivisions have been 
well dealt with in a number of publications (e.g. 20, 22, 23, 24), 
so we need only to describe here the Balcombe Clay, which is of small 
geographical extent, only occurring near Balcombe, five miles north 
of Haywards Heath. It has not been mapped previously. Generally, 
it is a yellowish clay, grey when unweathered with some red and 
mottled red-yellow clays and shales near the top. Its relationship 
to the Cuckfield Clay will be discussed (p. 255). 

(ii) Thickness Measurements. No single member of the Hastings 
Beds retains the same thickness throughout the areas mapped, so 
that to a greater or lesser extent we are dealing with a series of lenses. 
It is in interpreting just such conditions that isopachyte maps are of 
great value, for “‘ in no other way can so adequate idea of the general 
habit of a bed be obtained ” [25, p. 727]. 

Unfortunately there is not, anywhere, a complete sequence as 
there is with the Weald Clay, and so exact thickness determinations 
are very difficult. There has been, however, a large amount of 
drilling for water, and the “ logs ’” have been collected and arranged 
by F. H. Edmunds [6]. This evidence has been supplemented by 
the writer by marking the exact positions of the boring sites upon 
the 6in. map and.by relating them to the local surface geology. 
Some slight differences in the correlations have consequently been 
necessary. 

(a) The Tunbridge Wells Sand. It seems best to discuss the 
thickness of the Tunbridge Wells Sand as a whole (Fig. 27) and then 
deal with its very variable members individually in their different 
areas (see Figs. 29-31). This group attains its maximum thickness in 
the neighbourhood of Horsham, where a boring [29, pp. 184-6] 
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penetrated some 360ft. of beds. Local measurements show that 
some 40ft. can be added. At Balcombe, where the sequence 
is nearly complete, there is a thickness of 360ft., 312 of which were 
penetrated in a boring [6, p. 49]. In the neighbourhood of East 
Grinstead H. B. Milner gives 260ft. [20], and in the Tunbridge Wells 
Area [19] and at Ticehurst [21] 180ft. The boring at Laughton 
(p. 242) penetrated 196ft., whilst mapping and drilling round 
Pevensey show 100ft. (Fig. 27). 

(b) The Wadhurst Clay does not vary to such a large degree. 
It has been stated [23, p. 20] ,on assumptions made from borings, 
that this group thickens to the west, but detailed mapping linked up 
with the boring evidence has shown the reverse. There is little 
change over the area which separates Horsham and Balcombe, 
where the Clay is 120ft. thick, and it is not until the neighbourhood 
of Danehill (six miles east of Balcombe) that a change to 145-150ft. 
is noted [6, p.83]. At Rotherfield (94 miles further east) the writer’s 
mapping gives a thickness of 170ft. The boring at Laughton pene- 
trated 140ft., and that at Pevensey 190ft., which agrees with the 
amount penetrated (110ft.), plus 80-90ft. calculated above the 
initial horizon of the well from surface exposures at Grove Hill. 
H. B. Milner gives 150ft. both for East Grinstead [20] and 
Tunbridge Wells [19], but 170ft. for Ticehurst and 200ft. for Goud- 
hurst (Kent) [21] (see Fig. 27). 

(c) Ashdown Sands. As the base of the Ashdown has not been 
seen in the areas surveyed, and most of its contacts with the Wadhurst 
Clay are faulted, a measurement of complete thickness was not 
possible on field evidence alone. In the deep valleys near the 
crestal area some 500ft. are exposed, but the best estimate can be 
made south of Crowbrough near Jarvis Brook (535294), where a 
strong clay band has been mapped. This bed, proved to be 220ft. 
stratigraphically below the Wadhurst Clay, is about 20ft. higher 
than the initial horizon of a water well at Maynard’s Gate (542297), 
where 542ft. of beds are recorded. A study of the samples shows 
that the Purbeck is entered at 432ft. (34ft. above the queried boundary 
of the Memoir [6, p. 175-6]). Thus we have a thickness of 
(220 +20 +430)=670ft. for the Ashdown in this place. 

H. B. Milner records 400ft. both at East Grinstead [20] and 
Tunbridge Wells [19]. The boring at Laughton, which ended in 
this group, shows that they are at least 354ft. thick. At Heathfield 
the well at the station [6, p. 123] showed 340ft., of which 266ft. 
were Fairlight Facies and rough calculations from a rapid traverse 
suggest that another 250ft. can be added to that figure, giving a 
minimum thickness of 590ft. Further south still, at Grove Hill, 
the test well showed 570ft., including 320ft. of Fairlight Facies. 
To the east the Geological Survey records 510ft., of which 350ft. 
are Fairlight [24]. Careful study of the records of a boring at 
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Horsham [29, pp. 184-6] suggests that here the Ashdown Sandstone 
is 190ft. thick (see p. 253), and that there is no Fairlight Clay at all. 
In the test well at Henfield a thickness of 50ft. is suggested [11, 
. 180]. 

: The Ashdown Sand, like the Wadhurst Clay, thins to the west, 
contrary to the general plan for the Lower Cretaceous, but it does 
thin out a little to the south-east. The Fairlight Clay Facies, which 
from a study of the samples at Maynard’s Gate appears to be absent 
in the Ashdown Area, also thins to the west (Fig. 27). 

Summary. The Weald Clay like the Chalk, Upper and Lower 
Greensand, thins very appreciably as it is traced to the east, from 
1,310ft. at Henfield to 220ft. at Pevensey. As a whole group the 
same may be stated of the Tunbridge Wells Sand. On the other 
hand, the Wadhurst Clay, though varying to a very much smaller 
degree, thickens to the east and south-east, while the Ashdown Series 
—including the Fairlight Clay—also thins out to the west and much 
more slightly to the south-east. These results are shown dia- 
gramatically in the Isopachyte Maps (Fig. 27). 


(3) Special Areas. 

Of the areas listed on pp. 238-9, four are selected for detailed 
consideration :— 

(d) Henfield. The Henfield Structure is situated practically 
on a line between the good oil indications of East Sussex and the 
excellent ones of the Dorset coast, and as the core is of Weald Clay, 
all the possible oil-bearing rocks might reasonably be expected in a 
boring. Except for some two and a half miles to the north-west, 
where there is an uncharted area of Weald Clay, the structure is 
encircled by well-defined outcrops of Lower Greensand which gives 
excellent control for 144 miles of its 17-mile circumference. 

It was in this north-western area that one of the chief problems 
arose, the important question of closure. It was not possible to 
estimate from published maps whether the closure was of sufficient 
magnitude to prevent serious migration of oil into the structurally 
higher anticlines to the north. 

Other problems were thicknesses, possible water-, gas- or oil- 
shows, the defining of horizons for correlation purposes and for the 
setting of “ strings of casing’ should this be necessary. 


(i) Traverses and Mapping. In accordance with the general 
practice of oilfield survey in unmapped country, a series of traverses 
was made across the structure. Owing to reasons of space, the 
details cannot be given here. They have been deposited, together 
with true-to-scale sections, with the Weald Research Committee, 
and are therefore available for study by anyone interested. 

The traverses showed that a very distinctive Red Clay occurred 
350ft. below the Lower Greensand. This bed was easily traceable 
across country and proved an invaluable datum in working out the 
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structure of the area; 530ft. below the Lower Greensand was. 
another easily traceable bed, in this case a silty limestone. On the 
northern side of the structure a thin bedded fissile nigger brown 
sandstone, 60ft. above the Red Clay, was found to be another very 
useful mapping index, but like so many of the strata making up the 
Wealden Series it was lenticular and could not be traced on the south 
side of the fold. 


(ii) Stratigraphy. From this work certain conclusions were: 
drawn as to the nature of the strata which would be penetrated in 
the boring. It was suggested that the strata would be mainly clay 
and shale with subordinate sandstone down to 600 to 620ft., when 
it would become predominantly sandy, with the possibility of a 
sandstone at that depth of sufficient thickness to “ carry a string of 
casing.” The possibility of a watershow was mentioned to the 
Resident Geologist. Actually such a bed and “show” were 
encountered at 640ft. [11, p. 179]. It was further suggested that 
there would be a well-marked sandstone, hard and calcareous 
equivalent to the so-called Horsham Stone) between 350 and 370ft.; 
this was not found, the first very strong sandstone bed being 
encountered at 440-445ft. Apart from these, samples taken every 
ive feet showed that from 0-240ft. the beds were predominantly 
of clay or shale ; from 240-S500ft. silts and sands occurred, but 
still subordinately to the clay and shale ; and from 500-640ft. clays 
oredominated with some silts. 

(iii) Structure. Important as is the surface stratigraphy, it is 
he structure that is of major interest to an oil company. The 
nemoirs of the Geological Survey have shown that within the 
1eighbourhood of the area under discussion there are four main folds. 
These, from north to south, are the Wiggonholt Syncline, the Green- 
wurst Anticline, the Henfield Syncline and lastly that originally 
cnown as the Pyecombe Anticline. 

In his Memoir of 1875 Topley [28] suggested that the Pyecombe 
Anticline was a continuation of the Greenhurst. This was con- 
radicted in a later Memoir [22] and has been disproved by the present 
napping. As each of these folds would have some effect on the 
il possibilities of the area, a short description of each is appended. 

The Wiggonholt Syncline, which in its maximum development 
wings in the Gault between Wiggonholt and Coates (134 miles 
vest of Henfield), is pitching out in the area under discussion. It 
las probably little effect, if any, east of Dayland Farm (159169). 

The Greenhurst Anticline shown by a sharp re-entrant angle into 
he Lower Greensand outcrop is narrow and fairly steep (16° dips 
yn the southern and 25° on the northern flank). It still exists as an 
nticline to the south of Brownhill (145158), but there it is not so 
teeply folded. Probably to the west of Ashurst, and definitely 
o the west of Henfield it has lost its true anticlinal nature and become 
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a monocline, with no northerly dip, but along this axis, the 
southerly dip increases from its regional value of about 3° to 45°. 
It dies out to the east of Henfield. 

The Henfield Syncline is pitching out south of Brownhill, but 
probably affects the Chalk, as it reaches its maximum development 
to the east. It produces a well-marked topographical feature on 
which the town of Henfield stands. Near the town its northern 
limb is steep—dips of 30°, 45° and 50° are recorded from excellent 
exposures, but it rapidly changes in the middle portion to horizon- 
tality and its southern flank rises at about 15°. 

The Pyecombe Anticline, or the Henfield “‘ Structure,” to use 
the oil geologist’s term, is an elongated dome. That it is a “ closed 
one” is shown by the mapping of the Red Clay, which forms a 
complete ellipse (Fig. 28). Itis not quite symmetrical either in shape 
or section. It is noticeable that the axial line, which has an east- 
west trend as far as Calcott Wood (173147), swings at that point to 
N. 70° W. and S. 70° E. and then straightens out again before it 
crosses the railway line to N. 80° W. This change is interesting for 
two reasons, first because there is an equivalent swing in the strike 
of the Chalk outcropping to the south-west [8], and secondly because 
it is accompanied by a change in section. In the western half there 
is a tendency for the northern flank to be steeper—10°-18° N. as 
compared with 4°-10° S. In the eastern half, while in the main the 
anticline is symmetrical, in the crestal area the reverse is shown— 
14° S. compared with 5° N. 

With this short description of the folding that affects the area, 
we can now attempt to answer the second question of our intro- 
duction, “Is the Henfield Structure of sufficient magnitude for 
retaining oil in commercial quantities ?”’ 

On the southern limb, with a long, though shallow dip slope 
bringing in the uppermost beds of the Chalk—Zone of Actinocamax 
quadratus—there can be no doubt ; the weakness lies in the migration 
of any possible oil to the north into anticlines of higher structural 
levels. For the most part the Henfield Syncline must prove a 
sufficient barrier, but near Ashington, with the Henfield Syncline 
pitching out, lies the place of easiest leakage, since farther west the 
pitching out of the Pyecombe Anticline with the deepening of the 
Wiggonholt Syncline, strengthen the northern barrier. In order 
to bring out these important results more clearly, a structural con- 
tour map has been constructed with the Red Clay as a basis (Fig. 28). 
The contours show that there is a crest maximum of 550ft. O.D. 
about a quarter of a mile east of the River Adur and acrest minimum 
of 40ft. to the east of Ashington. The 5Oft. structural contour has 
been drawn in as a continuous line, because for all practical purposes 
it indicates the limits of the “oil field.’ This would give an 
elliptical shape with six miles as the longer and three-quarters of a mile 
as its shorter diameter with a column of gas and oil spreading over 
510ft. in the crestal area. Even including a decrease in “‘ sharpness ” 
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of the flexure, which may easily be the case [3, p. 126], these factors - 
give an affirmative answer to the question asked at the beginning of 
the paragraph, and taken with those indicated on pp. 235-6, made 
this area a worthwhile proposition for the drilling of a test well. 


(e) Cuckfield. Although the whole of the area which takes its 
name from the town of Cuckfield was not included in the licences 
taken out by the D’Arcy Exploration Co. Ltd., work was carried 
out by the writer in order to solve three relevant problems. | 


(i) Are there any possible “ Oil Structures”’ between the 
Henfield and the Cuckfield Areas ? 

(ii) What divisions of the Hastings Beds can be expected in 
the Test Well at Henfield and what are their probable thick- 
nesses ? 

(iii) What is the horizon of the “‘ gas shows ” recorded in the 
water well drilled at the Cuckfield Workhouse ? 


(i) Structure. One of the traverses in connection with the Hen- 
field boring had shown a small anticlinal with its axis near West 
Grinstead, whilst road widening on the main Brighton Road had 
exposed a small anticlinal structure just to the north of Bolney 
(264227). If these were outcrops of the same fold, which might 
again be part of one of those at Cuckfield or Haywards Heath, then 
provided oil was discovered at Henfield here was a long though 
narrow “ structure’ which at least warranted further exploration. 
Accordingly, some mapping on the 6in. scale was carried out to 
the north and north-east of Cowfold (213226). Certain minor 
complications were detected and though not thoroughly elucidated, 
sufficient was done to show that there is no definite anticlinal axis 
connecting the West Grinstead and Bolney folds. If they are on 
one and the same line of folding, then the area between them is 
monoclinal (cf. Greenhurst anticline). A further axis of an anti- 
cinal nature runs practically W-E. through Freechase (239251). 
This series of folds alone was noted between Henfield and Cuckfield 
and it seemed certain that unless oil was discovered in large quantities 
at Henfield, such a “ structure” would not warrant the expense of 
exploratory drilling. 


(ii) Stratigraphy. With regard to the second question, four deep 
borings have been made in the town of Horsham and another is 
situated 14 miles to the south-east [6, pp. 125-134). There is 
reasonably good agreement between the different records and the 
following sequence was deduced :— 


Sand 120ft. Upper Tunbridge Wells. 
Clay 30ft. ? Cuckfield Clay. 
Sand 55ft. Middle Tunbridge Wells. 
Clay 20ft. ? Grinstead Clay. 


Sand L7StG Lower Tunbridge Wells. 
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Clay and shale 115ft. Wadhurst Clay. 
Sand 191 ft. Ashdown Sand. 
Shale 23ft. Purbeck. 


It was therefore expected that all the members of the Hastings 
Beds might be met with in the well, but that it would not be easy 
to differentiate between the various members of the Tunbridge Wells 
series. 

Certain mapping was carried out around Cuckfield to determine 
the thicknesses of the subdivisions of the Tunbridge Wells Sands and 
use was made of all available boring data to determine the rates of 
thinning in different directions of the various members of the 
Hastings Beds. As a result of this work the following very reserved 
estimate was given for the Test Well :— 

Tunbridge Wells Sand (undifferentiated) 170ft. c. 640- 810ft. 
Wadhurst Clay 75ft. c. 810- 885ft. 
Ashdown Sand 140ft. c. 885-1025ft. 


It is now known that although these figures are not correct, 
they are, except in the case of the Ashdown Sand, of equivalent order. 
After the Weald Clay 0-640ft., a sandstone group was penetrated 
to 820ft., and then “‘a dominantly clay group between the depths 
of 820 and 875ft may represent the Wadhurst Clay, in which case 
the Ashdown Sand is only 50ft. No Fairlight Clay Facies was 
noted” [11, p. 180]. This means that there is a thinning of 7ft. 
per mile in the Wadhurst Clay and of approximately 24ft. (instead 
of the estimated 21.5ft.) in the Ashdown Sandstone. 

The third question related to the horizon of the “ gas shows ” 
in the well at Cuckfield Workhouse. In the Geological Survey’s 
grouping of the borehole record [6, pp. 81-2 ]—there being no samples 
available for study—the gas shows at depths of 1954 and 223ft. 
were regarded as coming from about the middle of the Wadhurst 
Clay (119-346ft.). Detailed mapping around Cuckfield provided 
the data on which the following reading of the borehole is based :— 


Depth Thickness 
Upper Tunbridge Wells Sand 0-144 144ft. 
Cuckfield Clay 144-30 154ft. 
Middle Tunbridge Wells Sand 30-119 89ft. 
Grinstead Clay ? 119-144 25ft. 
Lower Tunbridge Wells Sand 144-200 56ft. 
Wadhurst Clay 200-313 113ft. 
Ashdown Sand ? 313-450 137ft. 


The horizon of the “‘ gas shows ”’ was therefore referred to the 
basal Lower Tunbridge Wells Sand and the Wadhurst Clay. 

The detailed mapping at Cuckfield also brought out other 
structural details. The area is bounded to the north by a fault which 
brings Group II of the Weald Clay against the Middle Tunbridge 
Wells Sand or the Grinstead Clay. South of it there is a small 
anticline with very shallow dips both north and south, and its axis 
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running through the Workhouse Well, which also happens to be on 
the crest maximum. This is an interesting factor when taken in 
conjunction with the “‘ gas shows.” South of Cuckfield, with its 
axis practically east and west through Haywards Heath Railway 
Station, is a small syncline, and further south still a small anticline, 
which may be a continuation of the Bolney structure. The southern 
limb of this fold develops a monoclinal nature. 


(g) Ashdown. (i) Introduction. The area is a rectangular strip 
of country bounded approximately by Cuckfield and Balcombe on 
the west and Mayfield and Eridge on the east, thus enclosing the 
whole of Ashdown Forest. In 1935, when the D’Arcy Exploration 
Co. Ltd. took out a licence for it, the only available published 
maps were the Old Series, Sheets V and IX. A considerable 
amount of detailed mapping was therefore imperative before any 
drilling could be commenced. 


(ii) Oil Prospects. Some portion of the Ashdown Area lies 
within two miles north of Cuckfield (gas shows), five miles north- 
west of Heathfield (natural gas) and 11 miles north-west of Mount- 
field, the oil indications of which have already been discussed 
(pp. 235-6). A small seepage was also recorded in the eastern part of 
the area (p. 235). On the other hand, test borings at Worth within 
six miles of the crest maximum, at Henfield, Pevensey, Grove Hill 
and Penshurst, failed to produce any prospects of a commercially 
successful oil-production, and the Ashdown Area, although 
structurally good, was not tested. 

(iii) Stratigraphy. While the Weald Clay is only represented by 
its lowest horizons, every member of the Hastings Beds occurs. 

Tunbridge Wells Series. The variation of this Series as a whole 
has already been discussed (pp. 244-7 and Fig. 27). It now remains 
to deal with the local variation of its individual members. Before 
this can be done it must be noted that detailed work on Saxonbury 
Hill (578329), four miles ENE. of Crowborough, established the 
following approximate succession :— 


Weald Clay Clay Sft. 
Sandstone 30ft. 

Clay 10ft. 

Upper Tunbridge Wells Sands2 Sandstone 40ft. 
; Clay 10ft. 

' | Sandstone 40ft. 
Grinstead Clay Clay 10ft. 
Sandstone 55ft. 

Lower Tunbridge Wells Sands{ Clay 15ft. 
Sandstone SOft. 

Wadhurst Clay. Clay and shale 80ft. 


Base not seen owing to strike-faulting. 


The Upper Tunbridge Wells Sand. In the Ashdown Area, as 
mapped by the writer, the succession given above is the only 
complete sequence. In the large outcrops near Balcombe, the 
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junction with the Weald Clay is hidden, but the thickness of the 
group must be more than 90ft., since S5Oft. were penetrated in a 
sie 6, p. 49] and some 40ft. are exposed above the horizon 
of the well. 


Elsewhere there is diversity. In the adjoining areas to the north 
there is a thicknsss of 120ft. at Horsham [7]; of 100ft. at East 
Grinstead [20]; of 40ft. at Penshurst and 80ft. at Ticehurst [21]. 
To the south the following thicknesses are noted :—Uckfield, 120ft. ; 
Hayward’s Heath, at least 80ft. ; at Brook Street, 65ft., and at Col- 
wood Park, 55ft. These figures are used as a basis for the isopachyte 
map, Fig. 29. 


Cuckfield Clay. This group is only exposed on the extreme 
_ south-west of the Ashdown Area. Around Great Bentley Farm 
(312277) mapping has shown it is only 10ft. thick. In the Brook 
Street Well [6, pp. 82-3] it is 11ft. and attains a maximum of 30ft. 
just south of Cuckfield. At Horsham in the water borings there is 
a “ Clay ” which is about 30ft. thick, but it is only 55ft. above the 
Grinstead Clay. It is suggested that on the total thickness of 85ft. 
for this clay and the sandstone below it may be equivalent to the 
Balcombe rather than the Cuckfield Clay (see p. 245). 


Middle Tunbridge Wells Sand. The recognition of a ‘“‘ Middle ” 
Group has only been possible in those areas where both the Cuckfield 
or Balcombe and the Grinstead Clays occur. In the Ashdown Area 
it is only fully exposed on the west, where it varies in thickness from 
45 to 90ft. It is interesting to note that the thickness of the 
group varies inversely with that of the Balcombe Clay, the total 
thickness of the two being approximately 90ft. It is therefore sug- 
gested that the local Balcombe Clay is a finer phase of sedimentation 
of the Middle Tunbridge Wells Sands. 

H. B. Milner, subdividing on lithological and petrographical 
grounds, gives 40ft. as his estimate at Tunbridge Wells [19] and at 
Ticehurst [21], but he includes the Grinstead Clay in the Group at 
East Grinstead. No isopachyte diagram is given because inter- 
correlation of areas is not possible. 


Grinstead Clay. This group is subject to rapid variation in 
thickness (see Fig..30). In the Ashdown Area, as mapped by the 
writer, the maximum development of 70ft. is shown in two places, 
at Balcombe, near the Waterworks, and about 14 miles south of 
Danehill (543276). Apart from the occurrence at Saxonbury Hill, 
its most feeble development is at West Hill (328135), where it is 
reduced to 10ft. Outside the area the figure of 22ft. has been accepted 
at Horsham [7, p. 403], as it agrees with that found by mapping round 
Colwood Park (250240) to the south-east. At Crawley a study of 
the samples from a boring suggest that “unfortunately there is 
nothing to show the presence of the Cuckfield or of the Grinstead 
Clay” [6, p. 79]. Milner’s figure of 50ft. [20] has been localised 
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to East Grinstead and further east Buchan’s figure of 25ft. [1] 
has been localised to Penshurst and Tunbridge Wells. At Goudhurst 
and Wadhurst Milner’s suggestion [21] that there is no Grinstead 
Clay has been taken as correct. The next set of reliable figures 
is to be found in neighbourhood of Uckfield, where the bed is stated 
to be 20ft. thick at East Hoathly, but elsewhere to be very variable 
and in places impossible to map [23, p. 21]. Nothing which could 
be correlated with the Grinstead Clay was seen in the samples from 
Henfield or Laughton. 

Lower Tunbridge Wells Sand. This Group has been mapped on 
the north, south and west of the Ashdown Area. In the north 
(Saxonbury Hill) it is 120ft. thick, but around Balcombe it consists 
of 100ft. of sandstone and farther to the south and south-west near 
Danehill it cannot be more than 60ft. In the Cuckfield neighbour- 
hood inference from well evidence suggests a thickness of 55ft. 

In the neighbouring areas (Fig. 31) the thickness estimates show 
considerable variation. At Horsham 173ft. is shown in a water 
boring [29, p. 185]. At East Grinstead Milner’s figure of 60ft. [20] 
has been accepted, but at Tunbridge Wells Buchan’s figure of 
140ft. [1] has been preferred. At Ticehurst and Goudhurst Milner 
has divided the series into Upper, Middle and Lower Groups [21], 
despite the absence of the Grinstead or Cuckfield Clays. For the 
purpose of the isopachyte diagram the thickness measurements 
of his Middle and Lower Groups have been added together and the 
results appear consistent with the estimates from adjoining areas. 
At Uckfield the Geological Survey’s figure of 80ft. [23, p. 22] is 
used. At Crawley, Pevensey, Laughton and Henfield no division 
of the series can be made, as there are no good clay index-beds. 
For the isopachyte diagram one-third of the total thickness of the 
series has been allocated to each group, giving for Crawley 130ft., 
Pevensey 33ft., Laughton 65ft. and Henfield 60ft. 

Wadhurst Clay. Very little can be added to the descriptions 
already given (p. 247), but one very interesting feature of this series 
must be mentioned. On the steeper hillsides, which are formed 
of this clay long deep cracks (some 2ft. deep and 59yds. long have 
been noted) appear in wet weather. In places, large blocks of earth 
with small trees still in position, have travelled 20 to 30ft. down the 
hillside, whilst in others blocks of sandrock are found resting on 
clay beds which are 30 to 40ft. stratigraphically below the base of 
the Lower Tunbridge Wells Sands. At Danehill thousands of 
pounds have already been spent in an attempt to “‘ bolster up” 
the road, which has been cut along a steep-sided hill of Wadhurst 
Clay, and frequent breakages in the electric cables are still caused 
by the uneven, but constant, slipping. The slipping is, no doubt, 
the cause of the contortion of the shales in stream exposures, steep 
and overturned dips being seen in areas where the mapping of 
boundaries shows almost horizontal strata. 
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Ashdown Sand. The following local succession has been 
established near Rotherfield by combining the 220ft. of beds exposed 
with the samples obtained from the water well at Maynard’s Gate 
(542298) [6, p. 175-6] :— 

Group III. Purple-grey clays, with pale to brown coloured sands, yes 


sandstones and siltstones ... 
Group II. | Chocolate coloured mudstones with grey ‘siltstones. 


Much lignite .. 90ft. 
Group I. Fight gtey clays, mudstones, “siltstones and sand- 
stones . r F srane 2108: 


The base of the Ashdown Sands is taken at a rather sudden change, 
at the depth of 432ft., to fossiliferous greenish shale. 

Some confirmation of this grouping, though with different 
thicknesses, is given by three well records. At Balcombe [6, 
pp. 49-51] 36ft. of light-brown clay with layers of rock (cf. Group IT) 
occur 142ft. below the Wadhurst base; at Laughton there are 
chocolate mudstones at 160ft. below the Wadhurst Clay, but they 
are only 20ft. thick. Better evidence is given at Horsted Keynes 
[6, pp. 135], where there is excellent agreement from 291-387ft. 
with Group II as regards both the thickness and lithology of the 
beds. Itis unfortunate that this well lies on a fault line, so that some 
of the upper beds may be cut out. The isopachytes suggest a total 
thickness of 430ft. at Horsted Keynes which may be subdivided as 
under :— 

Group III. 180ft. (faulted ?) 


Group II. 95ft. 
Group I. 155ft. (only 20ft. drilled) 


As far as the surface outcrops are concerned it has not been 
possible to establish this grouping, since, owing to the fact that the 
relief of the Ashdown Structure is uninverted, no great thickness of 
strata is available for study. 


(iv) Structure. Figs. 32 and 33 summarise the results of the 
mapping of the Ashdown Structure. The detailed account of the 
structure of the Area, which has had to be omitted owing to reasons 
of space, has been deposited with the Weald Research Committee, 
together with measured sections. 

In Figure 32 the thickness of 670ft. for the Ashdown Sand 
(see p. 247) has been accepted as general for the area; in Figure 33 
an attempt has been made to combine the underground contour map 
with an isopachyte diagram and so to compile a diagram on variable 
thickness. 

Both figures show the structure as a pear-shaped dome, but the 
variable thickness diagram indicates a sharpening of the pitch to 
the east. In both cases the structure (neglecting faulting) is a closed 
one, but there are interesting differences. With constant thickness 
the crest maximum is near Wych Cross (325425) at a height of 
240ft. O.D., but with variable thickness it is nearly a mile further 
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to the west and at a height of 482ft.O.D. The difference of 242ft. 
is a considerable one when drilling costs are a vital consideration. 
For constant thickness the enclosing contour is taken as the -200ft. 
line, marking the maximum effective field, as any oil or gas occurring 
outside it could (and probably would) migrate to anticlines to the 
north or south ; but for variable thickness the contour is the O.D. 
level. From the point of view of size of field, when assuming con- 
stant thickness it is 13.75 miles by 4.4 miles, and for variable thickness 
10.3 miles by 4.0 miles ; the maximum thickness of an oil-gas column 
is 440ft. for constant thickness and 482ft. for variable thickness, a 
difference that is of appreciable magnitude. 


(i) Pevensey. (i) Introduction. This is by far the smallest 
of the areas investigated. Less than six square miles were mapped 
in an area bounded by Polegate (580050) and Westham (637043) 
on the south and Chilley (637062) and Glynleigh (604067) on the 
north. In spite of its size, however, it was felt that this area, 
because of its excellent oil indications (p. 235), could not be neglected 
in a search for oil. Four shallow borings (see Fig. 34) were put 
down, and finally a location was selected—Pevensey No. 1—near 
Hankham (625055) and drilling carried to a depth of 842ft. As no 
production of oil was obtained the hole was abandoned. 

(ii) Stratigraphy. On the surface, Weald Clay, Tunbridge Wells 
Sand and the upper part of the Wadhurst Clay outcrop. Pevensey 
No. 1 well showed interesting features of the Wadhurst Clay and 
the Ashdown Sand with Fairlight Clay, whilst the underlying Jurassic 
beds, which were penetrated to the upper part of the Kimmeridge 
Clay, deserve more attention than has been given them elsewhere 
[13, p. 261]. 

The thicknesses of the various groups of the Weald Clay have 
already been given (p. 242). The underlying Tunbridge Wells Sands, 
about 100ft. thick, were dominantly arenaceous, but with some clay 
bands. Insufficient work was done to identify these with any 
of the well-known clay horizons further west. 


Wadhurst Clay. This formation is of a different facies from that 
further north. From surface exposures of the highest beds and 
the borehole evidence for the lower beds the following succession 
was established :— 


Group V. Grey and red clays with very abundant ?siderite 
pellets in the highest and lowest parts 
Group IV. Silty grey clays with seams of sue and beigns of 
fine-grained sandstone arty 45ft. 
Group III. Similar to Group V pam iG 
Group II. Similar to Group IV, but without sandstone vaanOOfts 
Group I. Grey-green and dark grey shales with abundant 
ostracods, shell agglomerates composed ot be haat 
sp. and thin limestone bands oe 15ft. 


At one time it was felt that Groups V-II snioht well be included 
in the Tunbridge Wells Sand since only Group I could claim to be 
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typically representative of the Wadhurst Clay as seen in the Ashdown 
Area. However, it is noted that the formation as a whole is argil- 
laceous and not arenaceous, and provides a sufficiently strong 
contrast in outcrop to make mapping fairly easy and sure. Further, 
whereas at Balcombe the topmost beds show no red clay, but grey 
shales, grey clay, shell agglomerates and limestones, red clays do 
occur in the topmost beds as the formation is traced to the east 
and gets thicker. Again, divisions in the Hastings Beds are 
lithological rather than palaeontological. Thus, although the base 
of the beds at Pevensey correlates so well with the upper beds at 
Balcombe, the lithological unit as a whole must be retained. 

Only a summarised description of the samples of a Test Well 
drilled at Grove Hill No. 1 (601135) by the Anglo-American Oil Co. 
Ltd. is available. This indicates that a total of 110ft. of Wadhurst 
Clay was penetrated and the basal beds showed excellent agreement 
with Group I (p. 262). Further, from observations on the spot, grey 
and vivid red clays are seen to occur immediately below the 
sandstones of the Tunbridge Wells Sand. The dips exhibited in 
these sandstones are large enough to allow the placing of 80ft. 
of strata between them and the initial horizon of the Well, so 
that at Grove Hill the thickness of the Wadhurst Clay could be 
190ft. Previously no Wadhurst Clay has been recorded from 
the immediate Pevensey Area. 


Ashdown Sand. For the first 225ft. the boring penetrated a 
monotonous series of light-grey silts, siltstones and fine-grained 
sandstones. Below, there was a gradual change to fawn grey 
mudstones, which were underlain by brownish grey clays, siltstones 
and mudstones with veins and fragments of lignite. From a study 
of the samples it was decided to include the mudstones with the 
Fairlight Clay. This gives 225ft. of Ashdown Sand and 100ft. 
of Fairlight Clay, as compared with 250 and 320ft. respectively 
at Grove Hill and 160 and 330ft. at Hastings. The Fairlight Clay 
Facies at Pevensey was of a much less varied appearance than at 
Grove Hill or Hastings. Traces of oil were noted at various horizons 
in the Ashdown Sands, the oil being extracted with chloroform. 
At Grove Hill similar traces were found at various levels in the 
Ashdown Sand and the Fairlight Clay. 


Purbeck Beds. Samples taken from between 520 and 525ft. 
in Pevensey No. 1 consisted of numerous fragments of a very fine 
grained glauconitic sandstone and a blue shale. The subsequent 
samples were composed of shales, limestones and clays, in which 
fossils—lamellibranchs, ostracods and a few Chara seeds—were 
abundant. This lithological and palaeontological change was so 
marked that it was taken as the top of the Purbeck. Cores taken 
at lower levels showed alternating bands of shale and limestone, 
the latter being of a shelly character with Cyrena and Ostrea sp. 
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No separation into Upper and Middle Purbeck could be made in 
such a regular series. At a depth of 709ft. a gypsum bed was 
penetrated. Gypsum and anhydrite alternating with clays and 
shales, continued for some 45ft. In accordance with the custom 
elsewhere, these beds were regarded as the Lower Purbeck. 


TABLE SHOWING COMPARISON OF THICKNESSES OF THE 
PURBECK BEDS OF THE WEALD 


Upper Middle Lower Total 
Pevensey... a3 190 45 235 
Grove Hill af 270 70 340 
Heathfield He 315 50 365 
Battle... Jan = — 465 
Mountfield Ae. = 50 — 
Henfield ... aa 470 50 520 
Portsdown an 12 39 139 250 


Portland Beds. A stratigraphical thickness of 75ft. was proved 
at Pevensey. The beds were of a fairly constant dark green colour, 
in places almost black. At the top of the formation they consisted 
of fine-grained sandstones and silts, but lower down they became 
more argillaceous in character and merged almost imperceptibly 
into the Kimmeridge Clay. Phosphatic and clay nodules occurred 
sporadically about the middle of the formation. No traces of oil 
were noted, but some of the darker argillaceous bands emitted a 
strong sulphurous smell. 

TABLE SHOWING COMPARISON OF THICKNESSES OF THE 
PORTLAND BEDS OF THE WEALD 
Total ies 


Pevensey .. si Ss 

Grove Hill Bee ABE at 80 
Mountfield we aA rhe 110 
Battle Ree brid Bae aa, 140 
Henfield ... ae A, Pes. 100 
Portsdown... ie hae Pr 80 


The description of the lithology at Pevensey seems to apply 
equally well for all the areas mentioned in the above table, but there 
is one main difference. The formation as a whole was not distinctly 
calcareous, yet at Grove Hill it was difficult to decide whether the 
term “ calcareous siltstone ”’ or “ silty limestone ” should be used, 
whilst at Henfield the basal beds are described as “marls.” 
Generally speaking, although the Portland is of a sandy or silty 
nature, its porosity was too small for it to be a good oil-bearing rock. 

Kimmeridge Clay. Only 15ft. of very dark grey-green clay were 
penetrated, but one of the cores produced an ammonite of the 
Pavlovia type. 

Summary. Lithologically and palaeontologically the Wealden 
rocks of the Pevensey area resemble those of neighbouring areas, 
if not in exact detail, at least in general. The main exception 
is the Wadhurst Clay, the upper beds of which present a coloured 
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clay and silty facies rather than a shale and limestone one. The 
Jurassic rocks present a similarity with those of other areas which 
have been investigated by drilling and field work, both lithologically 
and palaeontologically. 


(iii) Structure. A preliminary reconnaissance showed that 
exposures, on the small areas of “solid” rocks rising above the 
marshes, were few and obscure. With such a lack of control 
two possibilities were envisaged. First that the area forms part of 
the southern flank of a large anticlinal fold ; secondly, the area itself 
is an anticlinal fold. The drilling of four exploratory boreholes 
and later 6-inch-to-the-mile mapping, decided in favour of the 
second. It was shown, however, that the anticline, even without 
the strike faulting, would have made but a small oilfield (see 
Fig. 34). 

The topography, as in the case of the Ashdown Area, is un- 
inverted. The axis pitches away at approximately 1° 20’ to the 
west and 1° to the east from the crest maximum at 70ft. O.D. near 
Hankham. The lowest contour, which follows an anticlinal shape, 
is that of -150ft., giving a minimum closure of 220ft. If the faulting 
is neglected, the shape of the structure is very like that of Henfield, 
but the maximum effective length is only six miles and the maximum 
effective breadth only about one mile. 

The mapping, which was facilitated by the sinking of numerous 
pits, proved that the area was traversed by two major and one 
subsidiary strike faults, which had not previously been located. The 
general effect of the faults was to increase the closure of the area. 
Full details and sections of this faulting have been deposited with the 
Weald Research Committee. 

One feature of the area is the numerous seepages, which have 
been noted at :— 


(i) Chilley (636061) 

(ii) Down Ash (600078) 

(iii) Near Hailsham Cemetery (586086) 
(iv) Rickney No. 4 (622066). 

(v) Near The Horns (619063) 


The fact that all the seepages occurred in the Tunbridge Wells 
Sand is not surprising, as it is the only outcropping formation with 
beds of sufficient porosity to retain oil. All the seepages were, 
however, at different stratigraphical levels and to the north of the 
anticlinal axis. It seems unlikely that the oil may have been formed 
by bacteriological and algal action on decaying vegetation, the oil 
having then migrated into the porous sand. The seepage at Hail- 
sham is more than a quarter of a mile away from the nearest marsh 
and at least 5Oft. higher in altitude, whilst that at Rickney No. 4 
is some 110ft. lower in altitude than the marsh and is also separated 
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from it by some SOft. of impervious Weald Clay. Much detailed 
work remains to be done on the area, but it seems quite possible 
that the oil sands at Hailsham, Down Ash, Rickney and more 
questionably that at Chilley, are definitely connected with the faulting, 
suggesting that the oil is not indigenous, but has migrated along the 
fault planes until it has reached a sandstone of sufficient porosity 
and with an impervious cover under which it could be retained. 
Yet it is difficult to see from the borings at Pevensey and Grove 
Hill, whence the oil could have been obtained, as no quantity was 
found from either the Lower Cretaceous or the Jurassic rocks 
penetrated. There can be no proof, other than that of the drill, 
but it is just possible that the Portland Beds which occur underneath 
the Hailsham structure may be sufficiently porous to act as a reservoir 
for the oil, whence the migration has taken place. In any case, 
the seepages are neither active nor large, and the bituminous shales 
of the Purbeck, Portland and Kimmeridge Clay of the East Sussex 
area may quite easily be of sufficient magnitude to serve as the original 
source. 


IV. CONCLUSION 


In a recent paper [12], Messrs. G. M. Lees and F. D. S. 
Richardson have shown how the patient and detailed work of oil 
geologists has gradually brought a “‘comprehensive correlation- 
scheme”’ out of the “vexatious turbulence of the Lower Fars.” 
Whilst such a phrase, true with regard to that particular group, 
may be somewhat extravagant when applied to the Wealden Area, 
yet there is some comparison both in the lack of a comprehensive 
correlation scheme in the Weald Clay and in the chaos of clays, 
sands and faults in the central Wealden Area. With the above 
successes in mind, it is felt that the Weald, too, will yield just as 
interesting results if systematic work could be carried out on it, 
over long periods. It is hoped that this paper is only a beginning, 
and that it may be possible, in future, to pursue many of the 
problems that await solution. Such applies not only to the Weald 
Clay, but to all the individual members of the Hastings Beds, 
where more exact mapping on a 6-inch-to-the-mile scale should bring 
out new details and solve the present difficulties in correlation. 

The writer would like to express his thanks first of all to Dr. J. F. 
Kirkaldy for all the help that he has freely given in the publication 
of this paper. It is quite certain that without that help it would 
never have been published. His thanks are also due to Dr. A. J. 
Bull for his help and for the splendid work he has done on the 
reproduction of the diagrams, and to Professor L. J. Wills, of 
Birmingham University, the late Professor Lewis, of the University 
College of Wales, Aberystwyth, to Dr. G. M. Lees, P. T. Cox and 
A. H. Taitt. 
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Vv. APPENDIX : THE DEFINITION OF CERTAIN TERMS 


Some of the terms which have been used in the preceding pages 
are peculiar to Oil Geology and searching in the published literature 
has not yielded any exact definition of them. 


Crest Maximum. E. Sherborn Hills [26, p. 71] gives the following 
description : ‘‘ The crest of an anticline, as defined by Busk [2] 
is a line at ground surface within the anticline along which all 
horizons lie horizontally. It might be better . . . to restrict the 
term ‘ crest’ to the line which joins the highest points of the fold, 
as defined by a particular bed. This usage . . . would make 
provision for pitching folds, in no part of which do the beds lie 
horizontally.” The Crest Maximum, accepting this, would be defined 
as the point of greatest elevation on the crest line. It seems, 
however, that the italicised portion of the above quotation is not 
quite correct, since at the particular point, which is the Crest 
Maximum, the beds will lie horizontally. 


Crest Minimum. C. L. Dake and J. S. Brown [4, p. 328] 
describe a “‘ Spilling point ’”’ as follows : “‘ The point at which oil, 
trapped under a dome, would begin to spill up the regional dip.” 
Building on this for the definition of Crest Minimum we have 
“* The Crest Minimum is the point at which oil, trapped in an anti- 
clinal structure, would be able to migrate to higher structural levels.” 
Such a point may lie in the saddle between two anticlines or be the 
highest point of the trough of a complementary syncline. 


Closure. The difference of elevation between the Crest Maximum 
and the Crest Minimum is called the Closure. According to Dake 
and Brown [4, p. 328]: “‘ It cannot be less than the difference in 
elevation between the lowest and highest closed structural contours 
on a dome.” 


Control. This is a term which is used in description after a 
preliminary reconnaissance, when a primary estimation of the oil 
possibilities and hence the commercial value of a field has to be given. 
Oil tends to migrate into levels which are structurally higher through 
a place of weakness—the crest minimum of the area—and any 
geological factors, such as good pitching ends or large complementary 
synclines, which prevent this migration and retain the oil in the 
structure, are said to “‘ control ”’ the structure. 
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NOTE ON A REPTILIAN TOOTH FOUND AT 
GODALMING 


By W. E. SWINTON 
[Received 7th August, 1947] 


[DURING a recent field meeting of the Association (Proc. Geol. 

Assoc., vol. 59, 1948, p. 88) a small and beautifully preserved 
tooth was collected by Mr. E. E. S. Brown, M.B.E., F.G.S. Mr. 
Brown very kindly sent me the tooth for determination and subse- 
quently presented it to the Geological Department of the British 
Museum, where it is now registered No. R.5965. 

Its exact locality is given as the Frith Hill road cutting at Godal- 
ming. The horizon is the pebble band of the Bargate Beds 
(=Sandgate Beds), i.e. Lower Greensand. 

The tooth is a curved cone, concave on the inner (medial) side 
and convex on the outer (lateral) side. There are no prominent 
carinae such as mark the anterior and posterior faces in the 
crocodiles. The dimensions are :— 


Maximum height 20 mm. 
Estimated height in jaw 17.5 mm. 
Diameter of base 8.2 mm. 


The base of the cone as preserved is quite circular and has obviously 
been broken off. From below it appears as an inverted cone, with 
_a central perforation about 1.5 mm. in diameter. 

Seen antero-posteriorly the curvature of the outer edge is 
precisely that of a segment of a circle of 20 mm. radius. The inner 
surface is that of a circle of 23 mm. radius. 


The inner surface has 24 striations, half of which do not go 
farther up the tooth than its half-way line and the remainder do not 
reach the point of the tooth except the anterior and posterior ones 
which take the place of (and perhaps constitute) the carinae. 

The outer surface has 12 striations, again more or less alternating 
in length, but of these only the outermost reaches the tip of the 
tooth, like the carinae, so that the tooth is tricarinate. These 
so-called carinae are not more strongly developed, only longer, 
than the other striations. Towards the base all the striae are 
abruptly terminated on the same line. 


The tooth is thus strongly reminiscent in many features of the 
teeth of Pliosaurs, but nearly all the Pliosaurs appear to have one 
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facet or portion of their surface that is devoid of striation. The 
closest similarity is with Polyptychodon, especially P. interruptus. 
This species has not so far been recorded from the Lower Greensand, 
although the nearly related (and perhaps not truly distinct) species 
P. continuus has been. 

The two species are differentiated by whether the striations on 
the teeth are continuous and reach from base to summit or are 
interrupted with but few of them reaching the point of the tooth. 
This is a feature which may vary with the position in the jaws, and 
it would seem that research might usefully be done on the striation 
of Pliosaurus and Polyptychodon teeth. The exhibition series of the 
Geological Survey has a tooth, closely similar to that under dis- 
cussion, but of much larger size (No. 47699), labelled Polyptychodon 
sp:, from the Bargate Beds of Godalming. The Geological Depart- 
ment of the British Museum has, however, no reptilian remains 
from these beds or the locality. 
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